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orcword 


Evidence  has  been  mounting  that  something  is  missing  from 
secondary  science  teaching.  More  and  more,  students  are 
rejecting  science  courses  and  turning  to  subjects  that  they  consider  to 
be  more  practical  or  significant.  Numerous  high  school  science 
teachers  have  concluded  that  what  they  are  now  teaching  is  appro¬ 
priate  for  only  a  limited  number  of  their  students. 

As  their  concern  has  mounted,  many  science  teachers  have  tried  to 
find  instructional  materials  that  encompass  more  appropriate  content 
and  that  allow  them  to  work  individually  with  students  who  have  dif¬ 
ferent  needs  and  talents.  For  the  most  part,  this  search  has  been 
frustrating  because  presently  such  materials  are  difficult,  if  not  impos¬ 
sible,  to  find. 

The  Individualized  Science  Instructional  System  (ISIS)  project  was 
organized  to  produce  an  alternative  for  those  teachers  who  are  dis¬ 
satisfied  with  current  secondary  science  textbooks.  Consequently, 
the  content  of  the  ISIS  materials  is  unconventional  as  is  the  indi¬ 
vidualized  teaching  method  that  is  built  into  them.  In  contrast  with 
many  current  science  texts  which  aim  to  “cover  science,”  ISIS  has 
tried  to  be  selective  and  to  limit  our  coverage  to  the  topics  that  we 
judge  will  be  most  useful  to  today’s  students. 

Obviously  the  needs  and  problems  of  individual  schools  and  stu¬ 
dents  vary  widely.  To  accommodate  the  differences,  ISIS  decided 
against  producing  tightly  structured,  pre-sequenced  textbooks.  In¬ 
stead,  we  are  generating  short,  self-contained  modules  that  cover  a 
wide  range  of  topics.  The  modules  can  be  clustered  into  many  types 
of  courses,  and  we  hope  that  teachers  and  administrators  will  uhilize 
this  flexibility  to  tailor-make  curricula  that  are  responsive  to  local  needs 
and  conditions. 

ISIS  is  a  cooperative  effort  involving  many  individuals  and  agencies. 
More  than  75  scientists  and  educators  have  helped  to  generate  the 
materials,  and  hundreds  of  teachers  and  thousands  of  students  have 
been  involved  in  the  project’s  nationwide  testing  program.  All  of  the 
ISIS  endeavors  have  been  supported  by  generous  grants  from  the 
National  Science  Foundation.  We  hope  that  ISIS  users  will  conclude 
that  these  large  investments  of  time,  money,  and  effort  have  been 
worthwhile. 


Ernest  Burkman 
ISIS  Project 
Tallahassee,  Florida 
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WHAT'S  IT  ALL  ABOUT? 


Thrown  baseballs  really  can  curve,  and  in  this  minicourse 
science  tells  you  why.  It  shows  you  how  long  jumpers  get  more 
distance  and  swimmers  get  more  speed.  Science  can  help  you 
understand  how  gymnasts  keep  their  balance  and  how  basketball 
players  improve  their  foul-shooting  percentage.  And  there's  lots 
more.  This  minicourse  won't  make  you  a  top  athlete,  but  it 
can  help  you  to  enjoy  better  the  sports  you  watch  or  play. 


1 


CORE 


ACTIVITY  1:  PLANNING 

Activity  2  Page  2 

Objective  2-1:  Describe  how  bat  weight 
and  bat  speed  affect  the  speed  and  dis¬ 
tance  a  ball  will  travel. 

Sample  Question:  Which  of  the  following 
is  more  important  to  make  a  baseball  go 
fastest  when  hit  with  a  bat? 

A.  Bat  weight 

B.  Bat  speed 

C.  Both  equally 

D.  Neither 

Activity  3  Page  6 

Objective  3-1 :  Relate  elasticity  to  the 
distance  a  hit  ball  travels. 


Activity  5  Page  13 

Objective  5-1:  Tell  how  spin  influences 
the  flight  of  a  ball  in  air. 

Sample  Question:  A  ball  with  backspin 
will  tend  to  do  which  of  the  foilwing  as 
it  travels  through  the  air? 

A.  Drop 

B.  Rise 

C.  Curve  right 

D.  Curve  left 

Activity  6  Page  17 

Objective  6-1:  Predict  the  direction  a 
ball  will  travel  when  it  rebounds  from  a 
surface. 

Sample  Question:  When  a  nonspinning 
ball  bounces  off  a  flat  surface,  the  out¬ 
going  angle  is 

A.  equal  to  the  incoming  angle. 

B.  one  half  of  the  incoming  angle. 

C.  twice  the  incoming  angle. 

D.  unpredictable. 


Sample  Question:  Two  similar  balls  are 
hit  with  the  same  force.  Their  distances 
of  travel  are  measured.  Ball  A  traveled 
farther  than  Ball  B.  Which  has  the  greater 
elasticity,  A  or  B? 


Activity  7  Page  23 

Objective  7-1:  Identify  the  correct  direc¬ 
tion  in  which  to  apply  force  to  improve  a 
person's  running  or  swimming  speed. 


Activity  4  Page  9 

Objective  4-1:  Tell  how  the  angle  of  pro¬ 
jection  and  the  distance  through  which  a 
force  is  applied  influence  the  distance  a 
ball  will  travel. 

Sample  Question:  In  order  to  achieve 
maximum  distance,  what  is  the  best  angle 
of  release? 

A.  45° 

B.  35° 

C.  55° 

D.  90° 


Sample  Question:  Which  of  the  following 
two  pictures  shows  the  correct  direction 
to  apply  arm  force  during  swimming? 

A. 


B. 
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Activity  8  Page  27 

Objective  8-1 :  Tell  how  levers  are  used 
in  sports  to  improve  performance. 

Sample  Question:  Which  two  things  are 
advantages  of  levers? 

A.  Increased  speed 

B.  Increased  force 

C.  Increased  skill 

D.  Increased  mass 

Activity  9  Page  35 

Objective  9-1 :  Tell  how  the  size  of  the 
base  of  support  and  the  height  of  the  cen¬ 
ter  of  mass  affects  a  person's  stability. 

Sample  Question:  In  which  of  these  posi¬ 
tions  is  a  football  player  most  stable 
(least  likely  to  be  knocked  off  balance)? 


Activity  10  Page  42 

Objective  10-1:  Identify  two  factors  to 
slow  or  stop  a  moving  person  or  ball 
successfully. 

Sample  Question:  What  are  two  things 
you  can  do  to  increase  your  chances  of 
catching  a  ball  successfully? 

A.  Use  two  hands. 

B.  Use  closed  hands. 

C.  Hold  your  arms  stiff. 

D.  "Give”  with  the  ball. 


Activity  1 1  Page  47 

Objective  11-1:  Identify  general  trends 
shown  by  graphs. 

Sample  Question:  According  to  the 

graph  below,  which  method  of  practice 
resulted  in  the  most  rapid  rate  of  learn¬ 
ing  a  motor  skill? 

s-S 


A.  Massed  (M) 

B.  Spaced  (S) 

C.  No  practice  (NP) 

D.  A  combination  of  massed  and  spaced 

Activity  12  Page  52 

Objective  12-1:  Tell  how  motor  (sports) 
abilities  vary  among  teenagers. 

Sample  Question:  Which  graph  has  a 
curve  that  shows  the  distribution  of 
reactions  times  among  teenagers? 


Answers:  2-1.  B;  3-1.  A;  4-1.  A;  5-1.  B; 
6-1.  A;  7-1.  B;  8-1.  A,  B;  9-1.  B; 
10-1.  A,  D;  11-1.  B;  12-1.  C 
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ACTIVITY  2:  SELECTING  YOUR  BAT 


As  the  cartoon  above  shows,  hitting  for  distance  isn't  every¬ 
thing.  Bunts  in  baseball  and  lob  shots  in  tennis  are  other  ex¬ 
amples  of  balls  you  want  to  hit  softly.  But  suppose  distance  is 
your  goal.  Suppose  you  are  going  for  the  home  run  or  the  big 
drive  or  the  service  ace.  What  factors  do  you  need  to  consider? 

One  such  factor  is  bat  or  dub  weight.  In  sports  like  baseball 
you  usually  have  a  wide  choice  of  what  to  use.  Some  players 
use  heavy  bats  or  clubs,  while  others  use  light  ones.  Does  weight 
make  any  difference? 

Look  at  Figure  2-1  below.  It  shows  what  happened  to  the 
speed  of  a  hit  baseball  when  one  particular  player  used  different 
weight  bats.  Everything  else  was  kept  the  same  each  time  — 
the  ball,  the  speed  of  the  pitch,  and  the  speed  of  the  bat. 


WEIGHT  OF  BAT 

SPEED  OF  BALL  AFTER  HIT 
(in  metres/sec) 

0.57  kg  (20  oz) 

30.6 

0.71  kg  (25  oz) 

32.6 

0.85  kg  (30  oz) 

34.0 

0.99  kg  (35  oz) 

35.1 

1.14  kg  (40  oz) 

35.9 

Figure  2-1 

•  2-1.  From  Figure  2-1  above,  what  can  you  say  about  the  in¬ 
fluence  of  bat  weight  on  the  distance  a  hit  baseball  will  travel? 
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Hitting  a  baseball  hard  depends  on  more  than  the  weight  of 
the  bat.  Another  important  factor  is  how  fast  the  bat  is  swung. 
Look  at  Figure  2-2  below.  Here  the  player  used  a  0.85  kg  bat 
each  time  but  varied  the  speed  of  his  swing. 


SPEED  BAT  WAS  SWUNG 
(in  metres/sec) 

SPEED  OF  BALL  AFTER  HIT 
(in  metres/sec) 

9.2 

27.7 

12.2 

30.7 

15.3 

34.0 

18.3 

37.4 

21.4 

40.8 

Figure  2-2 


•  2-2.  Using  the  information  in  Figure  2-2  above,  what  can  you 
say  about  the  effect  of  bat  speed  on  the  distance  a  hit  ball  will 
travel? 

•  2-3.  What  two  factors  affect  the  speed  of  a  hit  baseball  and 
the  distance  it  will  travel? 

The  statistics  quoted  show  that  this  particular  player  could  hit 
a  ball  harder  by  either  using  a  heavier  bat  or  swinging  harder.  But 
were  these  two  factors  equally  important?  You  can  find  out  by 
making  some  simple  calculations. 


•  2-4.  Which  made  the  greater  difference,  doubling  the  bat 
weight  or  doubling  the  bat  speed? 

☆  2-5.  Which  is  more  important  when  hitting  for  distance,  bat 
weight  or  bat  speed? 
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Will  you  get  more  distance  by  increasing  bat  weight?  No, 
you  won't,  unless  you're  unusually  strong.  For  most  hitters,  a 
heavier  bat  means  a  slower  swing,  with  a  net  loss  of  distance. 

The  selection  of  the  correct  bat  is  important.  Most  players 
choose  a  bat  that  is  too  heavy.  One  expert  suggests  selecting  a 
bat  slightly  lighter  than  the  one  that  "feels  just  right"  to  you. 


ACTIVITY  3:  STRI KING  THE  BALL 


Knowing  what  will  happen  to  the  ball  when  it  is  struck  is 
important  in  games  like  golf,  baseball,  tennis,  handball,  and 
soccer.  If  you  misjudge  how  hard  the  ball  has  been  hit  or  kicked, 
or  if  you  strike  the  ball  the  wrong  distance,  you  can  blow  the 
play. 

Figure  3-1  below  shows  a  tennis  ball  hitting  a  tennis  racket 
during  a  powerful  serve. 

•  3-1.  What  is  happening  to  the  tennis  ball  itself  as  it  is  struck? 


Figure  3-1 
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Most  balls  return  to  their  original  shape  after  they  have  been 
hit.  This  causes  them  to  spring  (rebound)  from  the  surface  of 
the  striking  object.  The  property  of  a  ball  that  causes  it  to  re¬ 
gain  its  original  shape  is  called  its  elasticity.  The  greater  a  ball's 
elasticity,  the  faster  it  will  return  to  its  original  shape  and  the 
farther  it  will  rebound  when  it  is  hit  or  kicked.  If  a  ball  is  soft 
and  has  poor  elasticity,  it  will  not  come  back  to  its  original  shape 
as  quickly.  Thus  it  will  rebound  poorly  and  not  travel  as  far. 

•  3-2.  What  causes  a  ball  to  rebound  after  being  hit? 


elasticity 


☆  3-3.  What  effect  does  a  ball's  elasticity  have  on  how  far  it  will 
travel  when  it  is  hit  or  kicked? 


Of  course,  not  all  balls  have  the  same  elasticity.  Some  re¬ 
bound  more  than  others  after  impact.  You  can  find  out  how  the 
elasticity  of  balls  differs  by  doing  a  simple  investigation.  You 
will  need  a  partner  (to  help  you  with  the  measurements)  and  the 
following  equipment. 


5  different  kinds  of  balls  (golf,  tennis,  soccer,  etc.) 
piece  of  chalk,  metre  stick 


A.  In  your  notebook,  make  a 
table  like  the  one  shown.  En¬ 
ter  the  names  of  the  kinds  of 
balls  in  the  spaces  at  the  tops 
of  the  columns. 

B.  On  a  wall  or  blackboard, 
make  a  mark  about  2  m  above 
the  floor.  Drop  one  of  the 
balls  from  this  height.  Have  a 
partner  carefully  estimate  how 
high  the  ball  rebounds  from  the 
floor,  and  record  the  rebound 
height  in  the  notebook.  Drop 
the  ball  for  two  more  trials. 

C.  Repeat  the  three  drops  with 
each  of  the  five  balls.  Enter 
the  rebound  heights  in  the 
table.  Then  find  the  average 
of  the  three  trials  for  each 
kind  of  ball  and  enter  those 
figures  in  the  table. 


TRIAL 

KIND  OF  BALL 

1 

2 

3 

Average 
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Are  you  able  to  compute  the  averages?  If  not,  look  at  "Re¬ 
source  Unit  1:  Averaging"  right  now.  Then  finish  Step  C. 

•  3-4.  In  your  investigation,  which  ball  rebounded  highest?  Why? 


Your  investigation  showed  that  different  balls  rebound  to 
different  heights.  This  means  they  have  different  amounts  of 
elasticity.  What  it  didn't  show  is  that  a  ball's  elasticity  is  not 
always  the  same.  It  can  change.  Elasticity  can  be  affected  by 
such  things  as  the  amount  of  air  in  a  ball,  the  newness  of  the 
ball,  and  the  temperature  of  the  ball. 


ANOTHER 


ONE  or 
OF  THE 
PARK' 


WaL,  YOU 
KNOW  WHEN 
YOU'RE  HOT... 

^  --  _ / 


•  3-5.  What  do  you  suppose  happens  to  the  rebound  ability  of 
balls  that  are  heated?  Of  balls  that  are  cooled?  (You  might  like 
to  design  your  own  investigation  to  find  out,  if  you  have  time.) 
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ACTIVITY  4:  PROJECTILES 


A  track  long  jumper,  a  shotputter,  and  a  golfer  teeing  off  may 
not  seem  to  have  much  in  common.  In  some  ways,  however, 
they  are  alike.  They  must  project  an  object  into  the  air.  And 
they  must  maximize  the  horizontal  distance  this  object  travels. 
The  farther  these  athletes  can  jump,  throw  the  shot,  or  hit  the 
ball,  the  better  their  chances  are  of  winning. 


The  distance  an  object  travels  in  the  air  under  ideal  condi¬ 
tions  depends  on  two  factors.  One  is  its  speed  (obviously  the 
faster  a  ball  is  thrown,  kicked,  or  hit,  the  farther  it  will  go). 
The  other  is  the  object's  angle  of  projection.  Look  at  Fig¬ 
ure  4-1  below.  This  shows  the  distance  a  shot  will  travel  when 
projected  at  three  different  angles  from  ground  level,  but  at 
the  same  speed. 
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•  4-1.  According  to  Figure  4-1  on  page  9,  does  the  angle  of 
projection  affect  the  distance  a  shot  will  travel? 


☆  4-2.  What  two  important  factors  affect  the  distance  a  hit, 
kicked,  or  thrown  object  will  travel  under  ideal  conditions? 


As  the  distance  over  which  the  force  is  applied  increases,  the 
speed  at  which  the  object  is  projected  increases.  This  knowledge 
has  led  to  major  changes  in  throwing  techniques  used  in  several 
sports.  Shotputters,  for  example,  now  begin  with  their  backs  to 
their  intended  target  area,  instead  of  beginning  sideways  as  they 
used  to.  The  difference  between  the  old  and  modern  techniques 
is  shown  in  Figure  4-2  below. 


Figure  4-2 
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•  4-3.  What  advantage  does  the  modern  shotput  technique  have 
over  the  old  one? 

W  If  you  increase  the  distance  over  which  a  constant  force 
is  applied  to  an  object,  what  happens  to  the  distance  the  object 
will  travel? 

The  following  experiment  will  help  you  understand  how  an 
object's  speed  and  its  angle  of  projection  influence  the  distance 
an  object  will  travel  in  air.  For  convenience  and  ease  of  measure¬ 
ment,  you'll  use  water  rather  than  a  ball.  You  will  need  the 
following  materials. 

paper  towels 

bucket  with  tubing  attachment 

rubber  tubing,  30  cm  long 

medicine  dropper  nozzle 

cafeteria  (or  other  shallow)  tray 

plastic  ruler 

spring  clothespin 

index  card  (8  cm  X  1 0  cm) 

protractor 

transparent  tape 

Do  you  know  how  to  construct  angles  with  a  protractor? 
If  you  don't,  look  at  “Resource  Unit  8:  Using  a  Protractor" 
before  making  this  investigation. 
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C.  Arrange  the  equipment  as 
shown  here.  Adjust  the  height 
of  the  bucket  so  that  the 
stream  of  water  spurts  no  more 
than  20  cm. 


rubber 

tubing 


D.  Control  the  angle  of  projec¬ 
tion  carefully,  starting  at  25c 
and  increasing  to  each  of  the 
other  angles.  At  each  angle, 
record  in  your  table  how  far 
the  stream  travels. 


tubing 


For  best  results,  keep  the  bucket  refilled  to  the  same  level  for 
each  trial.  This  way  the  speed  of  the  water  will  remain  the 
same.  Return  the  water  from  the  tray  to  the  bucket  often. 


•  4-5.  Did  the  horizontal  distance  the  water  traveled  increase 
or  decrease  as  the  angle  was  changed  from  25°  to  35°?  From 
35°  to  45°?  From  45°  to  55°?  From  55°  to  65°? 


•  4-6.  For  what  angle  did  the  water  travel  the  greatest  horizontal 
distance? 

Any  projectile,  be  it  water,  a  ball,  or  a  bullet,  will  travel 
farthest  for  exactly  the  same  angle  —  45°  (ignoring  such  factors 
as  air  resistance). 

ir  4-7.  What  is  the  angle  of  projection  for  maximum  horizontal 
range  of  a  football?  Ignore  any  effects  of  air  resistance. 
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Increasing  the  speed  that  water  comes  out  of  the  nozzle  also 
affects  how  far  the  water  stream  will  travel.  You  can  easily 
change  the  speed  by  changing  the  height  of  the  bucket.  Perhaps 
you'd  like  to  design  your  own  activity  to  see  this  happen. 

•  4-8.  When  you  change  the  water  speed,  which  is  affected  — 
the  stream's  height,  its  horizontal  "carry,”  or  both? 

Knowing  the  correct  angle  of  projection  won't  make  you  a 
champion  if  you're  just  a  beginner.  But  it  will  help  you  do 
your  best.  To  improve  even  more,  you  will  need  to  increase  the 
projectile's  speed  at  release.  The  way  to  do  this  will  vary  with 
the  particular  sport.  Often  it  involves  increasing  the  distance 
over  which  force  is  applied. 


ACTIVITY  5:  PUTTING  SPIN  ON  THE  BALL 


Most  balls  spin  (rotate)  as  they  fly  through  the  air.  Both 
speed  of  rotation  and  direction  of  rotation  affect  what  the  ball 
does  during  its  flight. 

In  sports  like  golf,  tennis,  baseball,  and  soccer,  spin  influences 
the  path  a  ball  will  follow  after  it  is  hit,  kicked,  or  thrown. 

How  do  you  make  a  ball  rise?  Drop?  Curve  right  or  left? 
The  answers  can  help  you  better  understand  some  sports,  or 
improve  your  own  game. 

It  is  useful  to  describe  spin  in  relation  to  some  imaginary  axis 
on  the  ball.  Look  at  Figure  5-1  on  page  14. 
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all  balls  here  are 
traveling  in  this 
direction 


high  pressure 


low  pressure 


air  pressure 
increases 


Figure  5-1 


•  5-1.  Suppose  you  rolled  a  ball  across  the  floor,  away  from 
yourself.  Would  the  roll  of  the  ball  resemble  backspin  or  topspin? 

As  a  flying  ball  rotates,  it  tends  to  carry  with  it  a  thin  layer  of 
air  close  to  its  surface.  The  interaction  of  this  surface  air  with 
oncoming  air  creates  a  pressure  difference. 

If  a  ball  has  topspin,  the  surface  air  on  top  of  the  ball  meets 
oncoming  air  head-on.  This  causes  high  pressure  above  the  ball. 
The  surface  air  on  the  bottom  of  the  ball  moves  in  the  same 
direction  as  the  oncoming  air  to  create  an  area  of  low  pressure. 
This  pressure  difference  (high  above,  low  beneath)  results  in  the 
ball's  curving  downward  faster  than  could  be  expected  from 
gravity  alone.  Look  at  Figure  5-2  below. 


air  pressure  decreases  below  ball 


Figure  5-2 


actual 

path 

(gravity  and 
topspin) 


direction  with  no 
spin  (gravity) 
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Now  suppose  the  ball  is  thrown  with  backspin.  The  top  of 
the  ball  is  moving  backwards,  away  from  the  direction  of  flight. 
A  ball  with  backspin  has  reduced  air  pressure  above  the  ball  and 
increased  air  pressure  below  the  ball.  This  difference  in  pressure 
overcomes  some  of  gravity's  pull.  It  keeps  the  ball  from  drop¬ 
ping  as  fast  as  a  nonspinning  ball  would.  The  result  is  that 
although  the  ball  still  drops  during  its  flight,  it  doesn't  fall  as 
rapidly  as  normally  expected.  This  makes  it  appear  to  rise. 
(Figure  5-3  below.) 

air  pressure  decreases 


Figure  5-3 


•  5-2.  What  kind  of  spin  would  you  put  on  a  ball  if  you  wanted 
it  to  "drop"?  If  you  wanted  it  to  "rise"? 

You  can  see  for  yourself  how  topspin  and  backspin  affect  a 
ball's  flight.  To  do  this  you  will  need  a  partner  to  throw  to,  a 
windless  spot  (a  corner  of  the  gym,  perhaps),  and  a  Styrofoam 
ball  about  8  cm  in  diameter  (if  none  is  available,  use  a  table- 
tennis  ball). 


TOPSPIN 


A.  First  practice  throwing  the 
ball  with  topspin.  To  do  this, 
toss  the  ball  backhanded  to 
your  partner  as  shown.  Let 
your  arm  swing  straight  down, 
with  the  back  of  your  hand 
towards  your  partner.  The 
ball  should  roll  off  the  ends  of 
your  fingers.  Use  only  a  light¬ 
weight  Styrofoam  or  table- 
tennis  ball. 


view  as  you 
should  see  it 
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BACKSPIN 


side  view 


B.  Now  try  throwing  with 
backspin.  To  do  this,  throw 
the  ball  straight  overhand  to 
your  partner.  Keep  the  back 
of  your  hand  towards  you. 
Let  the  ball  roll  off  your 
fingertips  as  you  release  it. 


•  5-3.  Assuming  you  threw  with  the  same  force  each  time, 
which  kind  of  spin  kept  the  ball  in  the  air  longer,  topspin  or 
backspin?  How  do  you  explain  this  result? 


When  a  ball  spins  around  its  vertical  axis,  pressure  builds  up 
on  one  side  of  the  ball  or  the  other  (depending  on  the  direction 
of  the  ball's  spin).  This  causes  the  ball  to  curve  either  right  or 
left,  producing  sidespin.  Look  at  Figure  5-4  below. 


direction 
with  left 
spin 


low  pressure 


VIEW 

FROM 

ABOVE 


high  pressure 

>  : 


high  pressure';--^ 


counterclockwise 


direction 

with 

right 

spin 


low  pressure 
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Figure  5-4 
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5-4.  What  causes  a  spinning  ball  to  curve? 

5-5.  A  ball  with  clockwise  spin  about  its  vertical  axis  (viewed 
>m  above)  will  curve  in  what  direction  as  it  flies  through  the 
air? 

A  good  baseball  pitcher  frequently  uses  sidespin  to  throw 
curving  balls  that  fool  the  batter.  By  putting  rapid  sidespin  on  a 
ball-,  a  pitcher  can  cause  a  ball  to  curve  or  "break"  up  to  38  cm. 
Practice  throwing  a  few  breaking  balls  with  right  and  left  spin. 
Get  a  partner  and  see  how  well  your  spinning  Styrofoam  balls 
curve.  Use  only  a  lightweight  ball. 

Sidespin  is  not  always  helpful,  however.  In  golf,  both  hooking 
(left  spin)  and  slicing  (right  spin)  are  usually  the  result  of  poorly 
hit  shots.  Most  amateurs  try  to  hit  the  ball  straight. 


ACTIVITY  6:  THE  WAY  THE  BALL  BOUNCES 


In  most  sports  where  a  ball  is  used,  you  want  the  ball  to  go  to 
a  certain  spot.  And  to  get  it  there,  you  often  have  to  bounce  the 
ball  off  some  surface.  The  surface  may  be  a  basketball  back- 
board  or  the  cushion  (side)  of  a  pool  table.  Or  it  may  be  the 
baseball  bat  or  tennis  racket  you  are  holding  as  you  play.  In  any 
case,  you  need  to  know  just  which  way  the  ball  will  bounce. 
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In  pool,  for  example,  you  sometimes  have  to  bank  the  cue  ball 
off  the  cushion  in  order  for  it  to  hit  another  ball.  To  be  success¬ 
ful  in  this,  you  must  be  able  to  predict  the  cue  ball's  path.  And 
you  can.  Look  at  Figure  6-1  below. 


angle  of  rebound  =  incoming  angle 


Figure  6-1 

•  6-1.  If  the  ball's  incoming  angle  is  52°,  what  is  its  angle  of  re¬ 
bound? 

The  simple  rule  illustrated  in  Figure  6-1  above  can  help  you 
plan  your  pool  shots  correctly.  In  fact,  it  will  work  pretty  well 
for  any  bouncing  round  object  that  is  not  spinning. 

•  6-2.  The  incoming  angle  can  be  defined  as  the  angle  between 
the  struck  surface  and  the  path  of  the  incoming  ball.  How  would 
you  define  the  angle  of  rebound? 

Suppose  you  are  playing  a  game  of  pool  and  are  faced  with 
the  situation  shown  in  Figure  6-2  on  page  19.  You  want  to  hit 
the  white  cue  ball  so  that  it  strikes  one  of  the  "solid"  balls 
(either  No.  1  or  No.  7)  and  knocks  it  into  the  side  pocket.  To 
do  this,  you  must  bank  the  cue  ball  off  the  cushion. 
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Figure  6-2 

•  6-3.  For  a  successful  shot  at  the  setup  in  Figure  6-2  above, 
which  point  on  the  cushion,  A  or  B,  should  you  aim  at?  Why? 

To  check  your  answer,  measure  the  angles  with  a  small  pro¬ 
tractor.  (An  easy  way  to  form  the  incoming  angles  is  to  lay  the 
edge  of  a  pencil  along  the  imaginary  lines  between  the  center  of 
the  cue  ball  and  Aiming  Points  A  and  B.  Pool  players  often  use 
their  cue  sticks  this  way.)  If  you  aren't  sure  how  to  measure 
angles  with  a  protractor,  look  at  "Resource  Unit  8:  Using  a 
Protractor"  before  making  your  check. 

Clearly,  to  succeed  at  pool  you  must  be  able  to  find  the  cor¬ 
rect  aiming  point.  Of  course,  you  also  have  to  shoot  the  ball 
straight. 


o 


3rd  base 


Understanding  how  a  ball  rebounds  is  also  important  when 
bunting  or  hitting  a  softball  or  baseball  to  a  particular  place  on 
the  field. 

Figure  6-3  below  diagrams  a  baseball  infield.  Suppose  you 
wanted  to  bunt  a  ball  down  the  third  base  line.  How  would  you 
position  your  bat?  Remember,  the  ball  must  be  inside  the  base¬ 
line  when  it  stops,  or  reaches  third  base,  or  is  touched.  Other¬ 
wise,  the  bunt  will  be  ruled  a  foul. 


•  6-4.  Look  at  Figure  6-4  on  the  left.  If  you  hold  your  bat  this 
incoming  angle  way  _  perpendicular  (1)  to  the  direction  of  the  pitch,  where  will 

ball  strikes  bat)  the  bunt  90? 


Figure  6-4 


Try  this  for  yourself.  You  can  see  how  it  works  without  go¬ 
ing  out  to  a  ball  field.  You  will  need  a  partner,  ten  minutes,  and 
the  following  materials. 

round  wooden  pencil  or  7  mm  dowel 
steel  ball,  15mm  in  diameter 
sheet  of  white  paper,  21.5  cm  square 
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A. The  sheet  of  paper  will  be 
your  ball  diamond.  Draw  the 
bases  and  home  plate  in  the 
corners  as  shown.  Draw  in  the 
pitching  mound  and  rubber  in 
the  center.  Finally,  connect 
the  middle  of  the  pitching  rub¬ 
ber  to  the  point  of  home  plate 
with  a  dotted  line  (to  mark 
the  path  of  the  "pitched" 
ball). 


B.  Hold  the  pencil  (your 
"bat")  in  the  fingers  of  both 
hands.  Position  it  at  home 
plate,  perpendicular  (1)  to  the 
pitch.  Have  your  partner  roll 
the  "ball"  to  you  from  the 
pitching  mound.  Bunt  the  ball 
by  pushing  the  bat  straight 
toward  the  ball.  Note  which 
way  the  ball  rebounds. 


f  V 

t  t 


"bunt”  motion 


•  6-5.  Which  way  did  the  ball  rebound? 


•  6-6.  What  was  the  angle  of  rebound?  (Remember  your  defini¬ 
tion  in  Question  6-2  on  page  18.  Use  the  protractor  to  check  the 
angle,  if  you  wish.) 
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C.  Now  line  up  your  bat  per¬ 
pendicular  to  the  third  base 
line.  Have  your  partner  roll 
the  ball  home  again.  Bunt  the 
ball  by  pushing  the  bat  toward 
third  base.  Note  which  way 
the  ball  goes. 


•  6-7.  Where  did  the  ball  go?  What  was  the  angle  of  rebound? 

Neither  of  your  two  bunts  was  very  good.  The  first  would 
probably  be  an  easy  out  by  the  pitcher,  and  the  second  would  be 
a  foul  ball. 

To  bunt  the  ball  fairly  down  the  third  base  line,  you  have  to 
hold  the  bat  in  a  direction  about  halfway  between  the  two  posi¬ 
tions  in  Steps  B  and  C. 

•  6-8.  What  was  the  incoming  angle  (and  the  angle  of  rebound) 
in  Step  B?  In  Step  C? 

•  6-9.  What  angle  is  halfway  between  the  incoming  angles  in 
Steps  B  and  C?  (Halfway  between  90°  and  45°?) 

6-10.  If  a  pitched  ball  makes  an  angle  of  67Y2°  with  the  bat, 
what  will  be  its  angle  of  rebound? 


D.  Check  your  answer  by  the 
procedure  you  used  before. 
With  your  partner  rolling  the 
ball,  try  bunting  from  a  bat 
angle  that  is  between  the  ones 
you  used  in  B  and  in  C. 
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ACTIVITY  7:  APPLYING  FORCE 


Moving  fast  is  important  in  many  sports.  About  300  years 
ago,  an  English  scientist.  Sir  Isaac  Newton,  formulated  a  law 
that,  among  other  things,  helps  us  understand  how  runners  and 
swimmers  achieve  their  best  speed.  This  law  has  to  do  with 
forces.  As  you  know,  a  force  is  a  push  or  pull.  Forces  always 
produce  a  change  in  either  the  shape  or  the  motion  of  any  ob¬ 
ject  that  experiences  them.  (That's  what  the  cartoon  above  is 
showing  in  a  humorous  way.) 

Newton  stated  that  for  every  action  (force),  there  is  an  equal 
and  opposite  reaction  (force).  Look  at  Figure  7-1  below. 


Figure  7-1 


The  runner's  foot  pushes 
backward  against  the 
starting  block  with  a 
certain  amount  of  force. 
That's  the  action. 


The  block  pushes 
forward  against 
the  runner's  foot 
with  the  same 
amount  of  force. 
That's  the  reaction. 
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Force  is  measured  in  metric  units  called  newtons  (in  honor  of 
Sir  Isaac).  A  newton  is  the  amount  of  force  required  to  raise  a 
mass  of  1  kilogram  a  distance  of  1  metre  per  second. 

•  7-1.  If  the  runner  pushes  against  the  starting  block  with  a 
force  of  650  newtons,  what  is  the  force  (reaction)  pushing 
against  his  foot? 


The  same  idea  applies  to  swimming.  If  a  swimmer  pushes 
backward  on  the  water  with  a  force  of  100  newtons  (action) 
with  an  arm  and  20  newtons  (action)  with  the  feet,  a  force 
(reaction)  of  120  newtons  is  exerted  on  the  swimmer  by  the 
water.  This  pushes  the  swimmer  forward. 


You  can  demonstrate  this  principle  with  a  simple  investigation. 
All  you  need  is  a  bathroom  scale  and  a  partner. 


A.  Have  your  partner  hold  the 
scale  vertically,  with  the  dial 
and  platform  facing  you 
your  partner  that 


the 


Tell 

scale 


should  be 
you  push 


held  motionless  as 


against  it.  Then 
push  gently  against  the  plat¬ 
form,  reading  the  dial  as  your 
partner  holds  the  scale  motion¬ 
less. 
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•  7-2.  With  how  much  force  did  you  push  against  the  scale? 

•  7-3.  In  order  for  the  scale  to  remain  motionless,  how  hard 
must  your  partner  have  pushed  back  in  holding  the  scale? 

Your  push  against  the  platform  represents  the  action.  Your 
partner's  push  to  hold  the  scale  motionless  represents  the  reaction. 
The  pushes  must  have  been  equal,  or  else  the  scale  would  have 
moved  toward  your  partner  or  toward  you.  And  the  pushes 
were  in  opposite  directions. 

Perhaps  it's  not  clear  yet  how  this  law  of  action  and  reaction 
affects  running  or  swimming  speed.  Suppose  you  are  trying  to 
swim  as  fast  as  possible.  To  do  this  you  must  create  as  much 
force  as  you  can  with  your  arms  and  legs.  And  the  force  must  be 
in  the  right  direction. 


The  swimmer  in  Figure  7-2  above  is  applying  force  in  a  back¬ 
ward  direction  as  indicated  by  the  arrow. 

•  7-4.  In  what  direction  will  the  force  of  reaction  push  the 
swimmer  in  Figure  7-2  above? 


•  7-5.  When  the  swimmer  in  Figure  7-3  above  applies  force 
(action)  with  his  left  arm,  what  will  happen  to  his  body? 

•  7-6.  When  the  swimmer  applies  force  with  his  right  arm,  what 
will  happen  to  his  body? 

The  up-and-down  bobbing  created  by  this  swimmer's  arm 
action  will  cause  him  to  swim  much  slower,  with  a  lot  of  wasted 
effort. 
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7-7.  In  order  to  make  best  use  of  the  force  you  apply  in  swim¬ 
ming,  what  direction  should  your  arms  push  on  the  water  during 
the  stroke? 


Running  fast,  just  like  swimming  rapidly,  requires  that  you 
move  forward  by  pushing  backward.  And,  as  in  swimming,  if 
you  apply  too  much  force  downward  when  you  run,  you  will 
bounce  up  and  down.  This  will  slow  you,  since  much  of  your  leg 
force  is  being  used  to  lift  your  body,  not  to  push  it  forward. 

*  7-8.  In  Figure  7-4  below,  which  of  the  two  running  positions, 
A  or  B,  will  produce  the  faster  start?  Why? 


starting 
block 


force  available 
to  push  Runner  A 
forward 


force  available  to 
push  Runner  B  forward 


Figure  7-4 


•  7-9.  Why  do  many  runners  use  starting  blocks  for  short  sprint 
races? 

By  making  sure  you  direct  your  force  in  the  proper  way,  you 
may  not  become  a  champion,  but  you  will  be  able  to  run  and 
swim  faster. 
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ACTIVITY  8:  EXTRA  HELP 


You  may  be  aware  that  almost  every  day  you  use  levers.  You 
are  using  a  lever  when  you  stir  a  cup  of  coffee,  open  a  can  or 
bottle  with  a  can  opener,  flip  an  egg  with  a  spatula,  turn  a  door 
handle,  or  shift  gears  in  a  car. 


What  you  may  not  have  realized  is  that  your  body  itself  con¬ 
tains  quite  a  collection  of  levers.  Your  arms  and  legs,  your  fin¬ 
gers  and  toes,  even  your  lower  jaw,  are  natural  levers.  Knowing 
how  to  use  your  body  levers  efficiently  can  improve  your  sports 
performance.  All  the  pictures  above  show  body  levers  in  action. 

What  is  a  lever,  anyway?  It  is  any  essentially  rigid  object  that 
transmits  or  modifies  force  by  the  use  of  three  points.  All  levers, 
whatever  their  design,  have  these  three  points.  Look  at  Fig¬ 
ure  8-1  below. 


ALL  LEVERS  HAVE 


a  place  where 
active  force  is 
being  applied  — 
THE  EFFORT 
POINT  (E) 


a  place  where 
the  lever  is  being 
supported  — 
THE  PIVOT 
POINT  (P) 


a  place  where  the 
reactive  force  is 
encountered  — 

THE  RESISTANCE 
POINT  (R) 


Figure  8-1 
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•  8-1.  What  are  the  three  points  that  all  levers  have? 


Although  all  levers  have  the  same  three  points,  the  placement 
of  these  points  is  not  always  the  same.  There  are  basically  two 
types  of  levers  (see  Figure  8-2  below). 


Figure  8-2 


•  8-2.  In  which  type  of  lever  are  effort  (E)  and  resistance  (R) 
applied  in  the  same  direction  —  Type  1  or  Type  2? 

Let's  look  first  at  Type  1  levers.  In  them,  effort  (E)  and 
resistance  (R)  are  on  opposite  sides  of  the  pivot  (P)  and  are 
applied  in  the  same  direction. 

Type  1  levers  can  be  used  in  either  of  two  ways,  depending  on 
their  design.  Sometimes  they  are  used  to  move  heavy  masses  by 
increasing  force.  That's  the  use  shown  in  Figure  8-2  above.  But 
sometimes  Type  1  levers  are  used  to  move  the  resistance  point 
faster  or  to  make  it  travel  farther  (as  in  Figure  8-1  on  page  27). 
Such  a  lever  is  said  to  increase  the  speed  of  the  resistance  point 
or  to  increase  the  distance  that  it  moves. 
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TYPE  1  LEVERS  CAN  EITHER 

Increase 

Force 

or 

- - - 

k 

pivot  near  resistance  will  / / \\  1  i 

/  allow  lever  to  increase  force  //  \\  \R/ 

'  PIVOT  //  \\  V 

Increase 
Speed  or 
Distance 

- _ 

tk — Jl 

//  VV  PIVOT  lever  to  increase  speed  or  \  / 

(L - distance  V 

•  8-3.  In  the  lever  systems  shown  above,  what  determines  the 
kind  of  job  the  lever  will  do? 


Figure  8-3  below  shows  a  Type  1  human  lever  aiding  in  the 
throwing  of  a  ball. 


Figure  8-3 


•  8-4.  In  Figure  8-3  above,  what  produces  the  resistance?  What 
produces  the  effort?  Where  is  the  pivot? 

☆  8-5.  What  is  being  increased  by  the  body  lever  in  Figure  8-3 
above?  (Hint:  Look  for  position  of  pivot.) 
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See  for  yourself  how  the  location  of  the  pivot  point  affects 
the  usefulness  of  a  lever.  You  will  need  five  minutes  and  the 
following  materials. 


2  weights,  one  with  twice  the  mass  of  the  other  (for  example, 
1  kg  and  0.5  kg) 
angle  iron  (as  a  pivot) 
ruler  (heavy  wood  or  metal) 


A. Place  the  weights  at  each 
end  of  the  ruler,  with  the 
pivot  at  the  center. 


B.  Shift  the  pivot  point  toward 
the  heavier  weight,  1  cm  at  a 
time.  (Don't  move  the 
weights  —  move  the  pivot.) 


•  8-6.  What  happens  when  the  pivot  approaches  the  heavier 
weight? 


Without  adding  extra  weight  you  were  able  to  lift  the  heavier 
weight.  You  simply  moved  the  pivot  point. 


INCREASED 

FORCE 
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From  the  illustrations  at  the  bottom  of  the  previous  page,  you 
can  see  that  the  position  of  the  resistance  and  the  effort  can  be 
switched.  This  type  of  lever  changes  from  one  that  increases 
force  at  the  resistance  to  one  that  either  increases  speed  at  the 
resistance  or  the  distance  that  the  resistance  point  moves. 

•  8-7.  Which  direction  should  you  move  a  pivot  point  on  a  Type  1 
lever  to  increase  the  weight  lifted  with  the  same  effort? 

•  8-8.  Which  direction  should  you  move  the  pivot  of  a  Type  1 
lever  if  you  want  to  increase  the  speed  with  which  an  object  is 
lifted,  or  the  distance  it  is  lifted? 


With  Type  2  levers,  resistance  and  effort  are  on  the  same  side 
of  the  pivot  but  are  applied  to  the  lever  arm  in  opposite  direc¬ 
tions.  Type  2  levers  operate  in  either  of  two  ways. 


•  8-9.  When  the  effort  point  is  located  between  the  pivot  and 
resistance  points,  what  increases? 


•  8-10.  When  the  resistance  point  is  located  between  the  pivot 
and  effort  points,  what  increases? 

*  8-11.  In  your  own  words  give  two  reasons  why  levers  are  use¬ 
ful. 

But  where  in  your  body  do  you  have  anything  that  looks  like 
these  different  levers?  You  may  not  readily  recognize  your 
body's  levers,  but  they  are  there.  Any  movable  joint  can  be  a 
pivot  point.  A  muscle  pulling  on  a  bone  creates  effort.  The 
weight  of  a  body  part,  plus  whatever  you  are  pulling  on  or  lift¬ 
ing,  produces  resistance.  Look  at  Figure  8-4  on  page  32. 
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Figure  8-4 


•  8-12.  In  Figure  8-4  above,  what  produces  resistance  for  the 
swimmer?  For  the  wrestler?  What  produces  effort  for  the  swim¬ 
mer?  For  the  wrestler? 

•  8-13.  In  Figure  8-4  above,  what  is  the  pivot  point  for  the 
swimmer?  For  the  wrestler? 

Most  body  levers  are  constructed  to  increase  speed  or  distance. 
They  have  the  effort  (muscle)  between  the  pivot  (joint)  and  the 
resistance  (extremity).  Even  so,  such  levers  can  be  used  to  trans¬ 
fer  force,  if  that  is  the  athlete's  main  concern.  The  weight  lifter 
shown  on  the  left  provides  an  example. 

She  needs  to  minimize  the  amount  of  effort  it  takes  to  lift  the 
weight  —  to  make  her  lift  as  efficient  as  it  can  be.  As  a  lever,  her 
lower  arm  favors  speed.  Nevertheless,  she  can  help  it  to  transfer 
force  by  making  sure  to  keep  resistance  and  pivot  as  close  togeth¬ 
er  as  possible. 

Look  at  Figure  8-5  on  page  33.  The  shorter  the  horizontal  dis¬ 
tance  between  resistance  and  pivot,  the  less  effort  needed  for  a 
given  resistance.  You  can  prove  this  for  yourself.  Try  to  lift  a 
straight  chair  with  one  arm.  Do  it  first  with  outstretched  arm, 
then  again  with  arm  close  to  your  side.  Which  way  is  easier? 
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When  this  boy  lifts  the  dumbbell,  he  keeps  his  elbow  locked.  This  means 
the  effort  remains  at  the  muslces  of  his  upper  arm.  As  his  arm  rises,  the 
resistance  moves  farther  and  farther  from  the  pivot. 


Figure  8-5 


A.  He  raises  the  dumbbell 
25  cm  (from  1  to  2)  with 
moderate  effort.  Resistance 
starts  at  little  horizontal 
distance  (1)  from  pivot. 


B.  He  raises  it  another  25  cm 
(from  1  to  2)  only  with  great 
effort.  Resistance  starts  at 
considerable  horizontal  dis¬ 
tance  (1)  from  pivot. 


•  8-14.  What  did  the  girl  weight  lifter  on  the  preceding  page  do 
to  make  the  weight  easier  to  lift? 

As  useful  as  your  body's  levers  are,  some  of  them  can  be  made 
more  effective.  Most  of  the  implements  used  to  hit  balls  are 
simply  extensions  of  your  own  levers.  Look  at  this  tennis  player. 
His  arm  and  racket  together  form  a  long  lever.  His  shoulder 
joint  is  the  pivot.  The  effort  is  provided  by  the  muscles  of  the 
arm  and  the  body.  The  major  effort  is  used  to  speed  up  the 
racket.  With  a  faster  swing,  the  ball  can  be  hit  with  greater  force. 
Imagine  how  much  slower  the  ball  would  move  if  the  racket 
were  much  shorter. 

During  a  serve  his  hand  moves  from  Point  a  to  Point  b.  In  the 
same  amount  of  time  the  racket  moves  from  Point  A  to  Point  B. 

•  8-15.  When  you  make  a  tennis  serve,  which  moves  faster,  your 
hand  or  the  head  of  your  racket? 
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Since  your  racket  moves  a  greater  distance,  it  must  be  moving 
faster  than  your  hand.  Thus  the  racket  can  make  the  ball  move 
faster  than  your  hand  alone  could.  Something  similar  happens 
in  golf  or  baseball.  By  using  a  golf  club  or  baseball  bat  you 
lengthen  the  levers  in  your  body.  This  helps  you  hit  the  ball 
harder,  faster,  and  farther. 

Look  at  Figure  8-6  below.  It  shows  some  other  sports  levers 
that  help  the  athlete.  Although  not  extensions  of  your  body 
levers,  they  are  used  to  transfer  force  from  your  muscles. 


Figure  8-6 

☆  8-16.  Why  are  bats,  clubs,  and  rackets  used  in  sports? 
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ACTIVITY  9:  BALANCE 


Good  balance  is  important  in  sports,  whether  you  are  standihg 
still  or  moving.  Imagine  how  hard  it  would  be  to  do  well  in 
gymnastics  or  football,  for  example,  if  you  were  always  off 
balance  and  kept  falling  down! 


In  this  activity  you  will  read  about  three  important  principles 
that  can  help  you  stay  in  balance.  They  will  keep  you  on  top  of 
things. 

Does  an  object  have  a  point  where  it  will  always  balance?  To 
find  out  you  will  need  fifteen  minutes  and  the  following  materials. 


scissors 

piece  of  heavy  cardboard,  irregular  in  shape,  largest  dimension 
about  25  cm  across 
paper  clip 

length  of  string  30  cm  long 
washer  (or  sinker) 
ruler 

needle  or  pin 


A.  Use  a  needle  or  pin  to  poke 
holes  close  to  the  edge  of  the 
cardboard  in  three  widely 
separated  places.  The  holes 
should  be  within  0.5  cm  of 
the  edge. 


three  holes 
within  0.5  cm 
of  edge 
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B.  Straighten  the  paper  clip 
part  way.  Tie  one  end  of  the 
string  to  the  washer.  Tie  the 
other  end  around  the  straight¬ 
ened  paper  clip.  Then  stick 
the  paper  clip  through  one  of 
the  holes  as  shown. 


C.  Hold  the  paperclip  so  that 
the  cardboard  and  string  dangle 
vertically  as  shown.  Then 
mark  the  bottom  of  the  card 
where  the  string  touches  once 
the  washer  and  card  come  to 
rest. 


D.Use  the  ruler  to  make  a 
straight  line  to  your  mark 
from  the  hole  that  the  paper 
clip  went  through. 


E.  Repeat  the  process  in 
Steps  B,  C,  and  D  for  the 
other  two  holes.  Now  your 
cardboard  should  have  on  it 
three  lines  that  cross  at  a 
point  (or  form  a  tiny  tri¬ 
angle).  Label  this  point 
center  of  mass.  Poke  your 
paper  clip  through  the  point. 
Let  the  cardboard  balance  on 
the  paper  clip. 


•  9-1.  Does  the  cardboard  piece  balance  on  the  paper  clip  as 
shown  in  Step  E,  no  matter  what  side  or  corner  is  uppermost ? 

•  9-2.  Can  any  of  the  other  three  holes  be  used  to  balance  the 
cardboard  in  any  position ? 

There  is  an  imaginary  point  about  which  any  object  can  be 
suspended  in  perfect  balance.  You  might  think  of  this  point  as 
the  one  at  which  the  weight  of  the  body  is  concentrated.  This 
point  is  called  the  center  of  mass. 

Principle  1:  A  body  is  balanced  only  when  its  center  of  mass  is 
vertically  within  its  supporting  base. 


Any  object,  living  or  not,  has  a  center  of  mass.  This  center  can 
change  as  the  object  moves  or  shifts  position.  Look  at  Figure  9-1 


Figure  9-1  supporting 


base 

Figure  9-1  above  shows  what  is  necessary  for  balance.  A 
vertical  line  through  your  center  of  mass  must  fall  within  your 
supporting  base.  If  the  line  falls  outside  your  base  of  support, 
over  you  go! 

To  see  how  your  center  of  mass  changes  as  you  move,  and 
what  this  does  to  your  balance,  try  the  following  activity. 
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A.  Ask  a  male  student  to  stand 
as  shown  —  with  his  back  to  a 
wall  and  his  heels  touching  the 
wall.  Put  a  nickel  on  the  floor 
a  few  inches  out  from  his  toes. 


B.Tell  your  partner  that  he 
may  have  the  nickel  by  simply 
bending  over  and  picking  it  up. 
But  say  no  fair  bending  the 
knees,  moving  the  feet,  or 
losing  balance.  (Don't  worry 
about  your  nickel  —  it's 
safe.) 


•  9-3.  What  happened  to  your  partner's  balance  when  he  tried 
to  pick  up  the  nickel?  Why? 

To  see  exactly  what  happened  to  your  partner's  center  of 
mass,  try  this.  You  will  need  the  following  materials. 

washer  (or  sinker) 

length  of  string  120  cm  long 

safety  pin 
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A. Tie  the  washer  to  one  end 
of  the  string.  Then  pin  the 
other  end  to  your  partner's 
clothing  at  the  place  shown. 
The  weight  should  hang  about 
6  to  8  cm  off  the  floor  when 
he  stands  erect. 


halfway 
between 
front  and  back 


B.  Now  ask  your  partner  to 
stand  against  the  wall  as  be¬ 
fore.  Tell  him  to  reach  for  the 
nickel  again.  Watch  what  hap¬ 
pens  to  the  washer  as  he  bends 
forward. 


•  9-4.  Where  was  the  washer 
balance? 


Principle  2:  The  larger  your  base  of  support,  the  more  stable 
your  body. 

Increasing  the  size  of  your  base  of  support  will  increase  your 
stability.  Even  just  lengthening  the  base  in  one  direction  in¬ 
creases  stability  in  that  same  direction.  In  the  above  activity, 
your  partner's  forward  balance  can  be  improved  by  the  simple 
act  of  putting  one  foot  in  front  of  the  other,  heel-to-toe.  This 
extends  his  base  of  support  forward. 

Call  off  the  bet! 

Now  let  your  partner  try  to  pick  up  the  nickel.  Watch. 
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•  9-5.  Describe  what  happened  to  the  washer  on  the  string. 

•  9-6.  Why  was  your  partner  successful  at  reaching  the  nickel 
this  time? 


This  principle  of  stability  is  used  frequently  in  sports.  Look  at 
Figure  9-2  below.  The  three  football  players  are  in  position  prior 
to  the  snap  of  the  ball.  Try  it  for  yourself.  Get  into  each  of 
these  positions  and  see  which  one  requires  the  hardest  push  to 


base  of  support 
2  hands,  2  feet 


Figure  9-2 


base  of  support 
1  hand,  2  feet 


base  of  support 
2  feet  only 


•  9-7.  Of  the  three  positions  in  Figure  9-2  above,  which  is  most 


stable?  Least  stable?  Why? 


By  having  a  larger  base  of 
support  you  are  more  stable. 
But  in  some  sports  you  get 
penalized  for  that.  In  many 
gymnastic  routines  the  object 
is  to  stay  in  balance  despite 
having  only  a  small  base  of 
support.  This  is  hard  to  do, 
and  that's  why  a  person  who 
is  successful  scores  highly. 


•  9-8.  What  is  the  base  of  support  of  the  gymnast  shown  above? 
Is  she  liable  to  score  high  on  this  figure? 
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Principle  3:  The  lower  your  center  of  mass,  the  more  stable  your 
body. 


As  you  move,  your  center  of  mass  changes.  If  you  raise 
your  arms,  your  center  of  mass  shifts  upward,  and  you  become 
less  stable.  If  you  crouch,  your  center  of  mass  shifts  downward, 
and  your  stability  increases. 


☆ 


9-9.  Rank  the  following  defensive  sports  positions  in  order 
from  the  most  to  the  least  stable. 


Now  see  for  yourself.  Get  a 
friend  and  check  his  or  her 
stability  in  each  of  the  three 
positions.  Without  overdoing 
it,  push  on  your  partner's 
shoulders.  See  which  positions 
are  the  most  and  least  stable. 
Was  your  ranking  correct? 

Principle  3  is  often  used  in 
gymnastics  and  modern  dance. 
If  performers  begin  to  lose  their 
balance  they  assume  a  semi- 
crouching  position  to  become 
more  stable.  Football  players 
also  lower  their  center  of  mass 
by  crouching  before  they 
make  contact  with  an  oncom¬ 
ing  blocker  or  tackier. 


becoming 

unstable 
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•  9-10.  If  you  begin  to  lose  your  balance  during  a  gymnastics 
routine,  what  should  you  do? 


•  9-11.  What  is  one  reason  that  so  many  football  players  lower 
their  bodies  before  making  blocks? 


☆ 


9-12.  What  are  the  three  principles  that  affect  a  person's 
stability? 


ACTIVITY  10:  STOPPING  OBJECTS 


0 


Some  years  ago,  when  wide  receiver  Lance  Alworth  was  catch¬ 
ing  passes  for  pro  football's  San  Diego  Chargers,  he  was  said  to 
have  the  "softest  hands"  in  the  game.  That  didn't  imply  he 
lacked  calluses.  It  meant  that  he  pulled  the  ball  in  so  smoothly 
that  you  couldn't  tell  exactly  when  it  first  touched  his  hands. 
He  dropped  very  few  passes. 

Another  National  Football  League  pass  receiver  of  the  same 
period  was  known  to  his  teammates  as  "Old  Iron  Hands."  They 
said  of  him,  unkindly,  that  he  couldn't  catch  a  cold  if  he  spent 
New  Year's  Eve  at  the  North  Pole  in  a  bikini. 

In  sports  like  football,  baseball,  and  basketball,  catching  the 
ball  cleanly  can  be  very  important.  What  technique  do  the  suc¬ 
cessful  players  use?  What  can  you  do  to  improve  the  way  you 
catch?  To  answer  these  questions,  you  need  to  know  something 
about  force  and  about  pressure. 

It  turns  out  that  the  same  facts  about  force  and  pressure  that 
apply  to  things  that  contact  you  (like  baseballs  and  footballs) 
also  apply  to  things  that  you  contact  (like  the  hard  ground). 
So  in  this  activity  you  can  also  find  out  how  gymnasts  and  other 
athletes  try  to  avoid  injury  when  they  fall  or  slide. 


FORCE 

If  you  try  to  catch  a  tennis  ball  one-handed  with  your  arm 
stiff,  the  ball  is  likely  to  bounce  off  your  hand.  But  if  you  flex 
or  bend  your  elbow  as  the  ball  reaches  you,  you  will  have  much 
less  trouble.  Try  it.  You  should  find  that  "giving"  with  the  ball 
improves  your  chances  of  catching  it  cleanly. 
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Here's  what  happens.  When  you  flex  your  elbow,  you  increase 
the  amount  of  time  that  the  ball  is  pushing  into  your  hand  (the 
period  of  impact).  Increasing  the  period  of  impact  does  two 
things.  It  gives  your  hand  more  time  to  close  around  the  ball. 
And,  more  importantly,  it  reduces  the  force  of  the  ball  striking 
your  hand. 

The  principle  is  this:  if  you  increase  the  time  —  or  distance  — 
over  which  an  object's  impact  is  absorbed,  you  decrease  the  force 
of  that  impact.  As  a  result,  the  ball  (1)  doesn't  smack  into  your 
hand  so  hard,  and  (2)  doesn't  bounce  off  your  palm  so  fast. 
Both  these  changes  make  the  ball  easier  to  catch. 

®  10-1.  Think  of  catching  a  raw  egg  thrown  toward  you.  What 
should  you  do  to  keep  the  egg  from  breaking  as  it  hits  your  hands? 

ir  10-2.  Why  is  it  easier  to  catch  a  fast-moving  ball  if  you  "give” 
when  it  hits  your  hands? 


•  10-3.  What  would  probably  happen  if  you  kept  your  arms  stiff 
and  tried  to  catch  a  fast-moving  ball? 


Sometimes  baseball  players 
apply  the  reduction-of-force 
principle  in  another  way.  They 
put  a  small  piece  of  sponge 
rubber  in  their  glove.  This 
cushions  the  impact,  since  the 
ball  sinks  into  the  sponge  and 
exerts  its  force  over  a  longer 
time. 

As  the  sponge  rubber  is  compressed, 
it  slows  the  ball  down.  This  reduces 
the  force. 


CORE  43 


See  for  yourself  how  a  slowdown  affects  force, 
five  minutes  and  the  following  materials. 

1  sheet  white  typing  paper 

1  sheet  carbon  paper 

steel  ball,  15  mm  in  diameter 

piece  of  sponge  rubber,  0.5  to  1  cm  thick 


You  will  need 


A. Put  the  typing  paper  on  the 
floor  beside  a  chair.  Cover  the 
typing  paper  with  the  carbon 
paper  (coated  side  down). 
Stand  on  the  chair  and 
"bomb"  the  papers  from  eye 
level  as  shown. 


B.  Remove  the  carbon  paper 
and  look  at  the  impression 
made  by  the  ball  on  the  white 
paper.  Circle  the  impression, 
using  a  pencil. 


C.  Replace  the  carbon  paper. 
Put  the  sponge  rubber  on  top 
of  the  carbon  paper  (be  sure  it 
doesn't  lie  over  the  penciled 
circle).  Now  repeat  the  drop, 
aiming  for  the  center  of  the 
sponge  rubber. 


D.  Remove  the  sponge  rubber 
and  the  carbon  paper.  Com¬ 
pare  the  two  impressions  on 
the  white  paper. 


•  10-4.  Which  impression  is  lighter,  the  circled  one  or  the  new 
one?  Why? 
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PRESSURE 


"Two  hands  for  beginners."  You've  probably  heard  that  on 
the  ball  field  many  times.  But  it  isn't  just  beginners  who  will 
do  better  catching  with  both  hands.  Practically  anybody  will. 
One  reason,  of  course,  is  that  two  hands  are  better  than  one  for 
holding  onto  things.  But  there's  another  reason  —  reduced  pres¬ 
sure. 

Pressure  is  described  as  the  amount  of  force  per  unit  of  area. 
(If  you  are  unfamiliar  with  this  use  of  the  term,  consult  "Re¬ 
source  Unit  6:  Pressure.")  P  =  F/A. 

If  a  ball  hits  you  on  the  end  of  a  finger,  it  hurts.  That's  be¬ 
cause  all  the  ball's  force  is  concentrated  on  one  small  area  —  your 
fingertip.  Since  the  ball's  force  is  considerable  and  the  area  of 
contact  is  tiny,  the  pressure  is  very  high.  It  can  even  break  your 
finger! 


Suppose  the  ball  had  hit  both  your  hands  instead  of  just  your 
fingertip.  The  pressure  would  have  been  less.  The  bigger  the 
area  over  which  the  force  is  spread,  the  smaller  the  pressure. 

Try  feeling  a  little  pressure.  Do  a  push-up  with  your  hands 
flat  on  the  floor,  as  in  A  below.  Then  do  a  second  one  on  your 
fingertips  as  in  B. 


•  1 0-5.  During  which  push-up  did  you  feel  more  pressure?  Why? 
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Now  what  does  this  have  to 
do  with  catching  a  ball?  Sup¬ 
pose  you  tried  to  catch  a  soft- 
ball  with  one  bare  hand.  The 
force  of  the  ball's  impact 
would  be  concentrated  on  a 
fairly  small  area.  The  ball 
might  bounce  away. 

When  you  use  two  hands, 
the  force  is  spread  over  a  larg¬ 
er  area.  This  reduces  the  pres¬ 
sure  of  the  ball  against  your 
hands.  It  also  lessens  your 
chances  of  dropping  the  ball. 
When  catching  a  big  ball,  like 
a  basketball  or  football,  you 
especially  need  to  use  two 
hands. 


☆ 


10-6.  What  happens  to  the  pressure  of  a  ball's  impact  as  you 
increase  the  area  over  which  the  force  is  applied? 


•  10-7.  Why  is  it  easier  to  catch  a  baseball  using  two  hands 
instead  of  one? 


•  1 0-8.  What  is  pressure ? 


Balls  are  not  the  only  things  that  need  to  be  stopped  in  sports. 
Sometimes  the  players  need  to  stop  quickly.  Pressure  is  impor¬ 
tant  here  too,  but  so  is  friction.  Friction  is  a  force  between  two 
solid  objects  that  touch  each  other.  Friction  always  opposes 
motion,  so  friction  slows  you  down. 

In  baseball,  a  sliding  runner 
uses  friction.  As  you  slide, 
your  body  contacts  the  ground. 
This  creates  a  lot  of  friction, 
and  you  stop.  What's  more, 
when  you  dive  for  the  base, 
the  force  of  your  body  hit¬ 
ting  the  ground  is  spread  over 
a  larger  area  than  it  would  be 
if  you  went  in  standing  up. 


•  10-9.  When  a  force  is  spread  out  over  a  larger  area,  what  hap¬ 
pens  to  the  pressure  at  any  one  point? 
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Reducing  the  pressure  at  any  one  point  on  your  body  de¬ 
creases  your  chances  of  injury.  Another  good  reason  to  slide  is 
that  you  are  harder  to  tag. 

•  10-10.  When  you  slide,  what  force  causes  you  to  stop? 


•  10-11.  Tumblers  and  parachutists  also  need  to  hit  the  ground 
safely.  You  may  have  noticed  that  they  often  roll  over  once  or 
twice  before  stopping.  What  is  the  advantage  in  doing  that? 


10-12.  You  probably  know  that  a  heavy  person  is  harder  to 
stop  than  a  light  one.  But  other  than  weight,  what  two  factors 
are  important  when  stopping  a  person  or  ball? 


ACTIVITY  11:  LEARNING  NEW  SKILLS 

To  be  good  at  a  sport  you  usually  have  to  practice.  But  even 
when  you  do,  there  is  no  guarantee  you  will  become  a  great 
athlete.  Despite  the  old  saying,  practice  (alone)  does  not  make 
perfect.  Size,  natural  ability,  and  desire  are  also  important. 
However,  if  you  practice  correctly ,  you  can  eliminate  some  of 
your  mistakes  and  improve  your  performance. 
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For  correct  practice,  proper  technique  and  good  equipment  are 
important.  So  is  efficient  use  of  your  practice  time.  You  don't 
have  forever  to  learn  a  new  skill  or  practice  an  old  one.  How  do 
you  take  full  advantage  of  the  time  available?  Do  you  use  it  all 
at  once  in  one  long  practice  session?  Or  do  you  divide  your 
practice  time  up  into  shorter  periods,  with  rest  in  between? 

Both  practice  methods  are  in  use.  The  nonstop  method  is 
called  massed  practice  (for  example,  a  basketball  player  shoot¬ 
ing  100  free  throws  without  a  break).  The  method  that  calls 
for  rest  periods  during  practice  is  called  spaced  practice  (for  ex¬ 
ample,  a  basketball  player  shooting  100  free  throws  in  five  20- 
try  sets,  with  ten  minutes  of  rest  after  each  set). 

Which  practice  method,  massed  or  spaced,  is  better?  Although 
the  answer  is  not  always  simple,  many  experts  favor  spaced 
practice  for  the  quick  learning  of  new  motor  skills.  (Of  course, 
all  practice  depends  on  repetition,  so  the  spacing  can't  be  too 
wide.  Shooting  one  free  throw  a  month  for  nine  years  and  two 
months  isn't  practice.) 


The  difference  between 
massed  and  spaced  practice 
has  been  studied  a  number  of 
times.  In  one  typical  study, 
two  groups  of  students  learned 
to  perform  a  simple  exercise  in 
hand-eye  coordination.  None 
of  the  students  had  ever  prac¬ 
ticed  this  exercise  before. 

Every  student  had  30  tries 
lasting  10  seconds  each.  Stu¬ 
dents  in  the  massed-practice 
group  made  their  30  trials 
without  stopping.  Those  in 
the  spaced-practice  group  rest¬ 
ed  for  half  a  minute  after  each 
trial.  The  graph  in  Figure  11-1 
shows  how  the  two  groups  did. 
(Can  you  follow  this  graph? 
If  not,  look  at  "Resource 
Unit  2:  Reading  Graphs"  be¬ 
fore  you  continue.) 


Trials 

Figure  11-1 
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^  1  1-1.  According  to  the  graph  on  page  48,  did  both  groups 
improve? 

•  1 1-2.  After  about  20  trials,  what  happened  to  the  rate  of  im¬ 
provement  in  the  massed-practice  group? 

•  11-3.  What  conclusions  can  you  draw  about  massed  and 
spaced  practice  from  this  graph? 

For  learning  this  skill,  spaced  practice  was  better  than  massed 
practice.  This  is  true  for  most  activities.  If  you  take  breaks 
during  practice,  you  will  usually  do  better  in  the  end. 

Now  try  this  investigation.  It  compares  the  effectiveness  of 
massed  practice  and  spaced  practice  in  the  learning  of  a  balanc¬ 
ing  task.  You  will  need  two  time  periods  of  at  least  forty  min¬ 
utes  each,  four  other  students,  and  the  following  materials. 

balancing  board,  about  45  cm  X  30  cm 

5-cm  angle  iron,  30  cm  long 

square  of  carpet,  60  cm  or  larger  (or  heavy  cardboard) 

stopwatch  (or  watch  with  sweep-second  hand) 

Two  of  your  classmates  will  do  massed  practice  (MP),  and  two 
will  do  spaced  practice  (SP).  You  will  need  to  decide  who  is  to 
do  which.  One  member  of  each  group,  MP  or  SP,  will  also  be 
timekeeper  for  the  other  group.  The  timekeeper's  job  is  to 
monitor  the  stopwatch  and  call  out  the  beginning  and  ending 
of  each  trial.  Choose  your  timekeepers. 


A. Set  up  the  equipment  as 
shown.  Center  the  angle  iron 
on  the  carpet.  Then  center 
the  balance  board  on  the 
angle  iron. 


carpet 


angle  iron 


stopwatch 


Each  subject  will  have  15  trials  on  the  balance  board.  A  trial 
lasts  60  seconds.  That  much  is  the  same  for  both  groups.  The 
difference  is  in  the  timing. 


CORE  49 


B.  Copy  the  charts  below  in 
your  notebook.  Fill  in  the 
names  of  your  subjects  in  the 
proper  blanks. 


MASSED 

TRIALS 

SUBJECTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

AVERAGE 

number  of  times  off  balance,  each  trial 


SPACED 

TRIALS 

SUBJECTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

AVERAGE 

number  of  times  off  balance,  each  trial 


As  the  major  investigator,  you  have  several  jobs.  One  of  them 
is  to  count  the  number  of  times  each  subject  loses  his  or  her 
balance  on  the  board.  You  need  to  record  this  number  for  each 
trial,  as  soon  as  the  timekeeper  tells  you  that  60  seconds  are  up. 
(A  loss  of  balance  has  occurred  whenever  either  end  of  the 
balance  board  touches  the  carpet  during  a  trial.) 

C.  When  you  and  the  time¬ 
keeper  are  ready,  have  one  of 
your  MP  subjects  get  on  the 
board  and  try  to  balance  as 
shown.  Count  the  number  of 
times  the  board  is  allowed  to 
touch  the  carpet. 

When  60  seconds  have 
passed,  the  timekeeper  should 
say  "Time."  That  is  a  signal 
for  you  to  record  the  number 
of  misses  and  to  start  a  new 
count.  It  is  not  a  signal  to  the 
subject,  who  should  keep  on 
trying  to  balance.  Continue 
this  procedure  until  15  trials 
have  been  completed. 


Subject  should  be 
balanced  when 
timing  starts 
initially. 
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D.  Repeat  Step  C  with  the 
other  MR  subject. 

E.  Now  it's  time  to  switch.  A 
member  of  the  MP  group 
should  take  over  as  time¬ 
keeper,  and  the  SP  members 
should  take  their  turns  on  the 
board.  The  trial  procedure  is 
the  same  EXCEPT  that  after 
each  60-second  trial  (called  by 
the  timekeeper)  the  subject  on 
the  balance  board  should  step 
off  the  board  to  rest  for 
20  seconds  (timed  by  the 
timekeeper).  Continue  until 
15  trials  have  been  completed. 

F.  Repeat  the  15  trials,  with 
rests,  for  the  second  SP  sub¬ 
ject. 

G.  Fill  in  the  last  row  of  blanks 
in  your  tables  by  averaging  the 
times  off  balance  for  each 
group  during  each  trial.  (If 
you  have  trouble  with  the  fig¬ 
ures,  look  at  “Resource  Unit  1: 
Averaging.")  Then,  using 
these  averages,  construct  a 
graph  with  axes  like  those 
shown  here.  (Is  graphing  a 
problem  for  you?  If  so,  look 
at  “Resource  Unit  4:  Making 
Graphs.")  Complete  and  label 
the  average  SP  and  MP  lines. 


Subject  should  be 
balanced  when 
timing  starts 
each  time. 
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•  1 1-4.  In  your  investigation,  what  was  the  overall  trend  for  each 
type  of  practice? 


•  11-5.  Are  your  data  in  this  investigation  consistent  with  the 
trends  others  have  found  when  comparing  spaced  and  massed 
practice? 


☆ 


11-6.  In  general,  how  does  massed  practice  compare  with 
spaced  practice  in  the  learning  of  new  skills? 
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Number  of  Students  With  Each  Time 


ACTIVITY  12:  NOT  EVERYONE'S  THE  SAME 


Beth  Todd  has  just  completed  four  motor  (sports)  ability  tests 
at  her  school.  Take  a  look  at  the  results. 


MOTOR  ABILITY  TEST 


Name:  Beth  Todd  Age:  16  Sex:  Female 


Speed 
(50-m  run) 


Response  Time 

(ruler  drop) 


Agility 
(shuttle  run) 


Leg  Power 
(vertical  jump) 


8.0  sec  0.16  sec 


14.3  sec  70  cm 


By  themselves,  Beth's  scores  on  the  motor  ability  tests  don't 
tell  you  much.  What  you  really  need  to  know  is  how  she  com¬ 
pares  with  other  students.  To  learn  this,  you  would  have  to  see 
how  other  students  did  on  the  tests.  Figure  12-1  below  shows 
you  a  graph  of  how  a  large  number  of  teenagers  performed  in 
the  50-metre  run. 


12.0  11.0  10.0  9.0  8.0  7.0  6.0 


Running  Time  (in  seconds) 


Figure  12-1 

If  you  have  trouble  understanding  what  this  graph  shows,  take 
a  look  at  "Resource  Unit  2:  Reading  Graphs." 

From  Figure  12-1  above,  you  can  see  that  the  speed  of  indi¬ 
viduals  varies  widely.  Notice  that  the  most  common  running 
time  (9  seconds)  is  in  the  middle  of  the  curve.  The  very  fast 
runs  and  very  slow  runs  are  the  least  common.  They  are  at  the 
ends  of  the  curve. 
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A  similar  variation  is  found  in  the  scores  on  the  other  tests 
Beth  took.  If  you  were  to  graph  the  response  times  or  agility 
scores  of  a  large  number  of  people,  those  curves  would  also 
have  bell-shaped  humps  in  the  middle.  Features  that  vary  in  this 
way  are  said  to  be  "normally  distributed."  Their  graphs  are 
called  normal  curves. 

•  12-1.  What  is  the  shape  of  a  normal  curve? 

®  12-2.  What  part  of  the  normal  curve  contains  the  largest  num¬ 
ber  of  scores? 

12-3.  Suppose  you  graphed  a  large  number  of  scores  for  a 
feature  like  leg  power.  How  would  you  expect  the  scores  to  be 
distributed? 

•  12-4.  Copy  Figure  12-2  below  in  your  notebook.  Then  draw 
the  curve  showing  the  distribution  predicted  in  Question  12-3 
above. 
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Figure  12-2 

If  you  don't  feel  good  about  your  understanding  of  "normal 
distribution,"  look  at  "Resource  Unit  19:  Normal  Curve." 

Now  try  an  investigation  to  find  out  how  a  few  of  your  class¬ 
mates  vary  in  leg  power.  You  will  be  measuring  their  vertical 
jumping  ability.  You  will  need  ten  subjects,  at  least  fifteen  min¬ 
utes,  and  the  following  materials. 

metre  stick 

chalk 

eraser 

If  you  need  help  in  measuring  distances  in  metric,  look  at 
"Resource  Unit  9:  Measuring  Length"  before  you  proceed  with 
the  investigation.  Likewise,  if  you  are  unsure  how  to  average, 
look  at  "Resource  Unit  1 :  Averaging"  before  going  on. 
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ITEM 

SCORE 

NUMBER  OF 

SUBJECTS 

Lowest  score 

Lowest  score  plus  1  increment 

Lowest  score  plus  2  increments 

Lowest  score  plus  3  increments 

Lowest  score  plus  4  increments 
(same  as  highest  score) 

A.  In  your  notebook,  make  a 
table  like  the  one  shown  at 
left.  Be  sure  to  leave  enough 
space  for  writing  data. 

B.  Have  one  of  your  subjects 
stand  sideways  beside  a  wall, 
holding  the  chalk  in  his  or  her 
dominant  hand.  Have  the  sub¬ 
ject  reach  as  high  as  possible 
(with  heels  on  the  floor)  to 
make  a  chalk  mark  on  the  wall. 

C.  Have  the  subject  first  crouch 
and  then  spring  straight  up  as 
high  as  possible,  making  a  sec¬ 
ond  mark  at  the  highest  point. 
Measure  the  vertical  distance 
(in  centimetres)  between  the 
two  marks.  Record  the  figure 
in  the  table  in  your  notebook. 

D.  Erase  the  upper  mark  (stand 
on  a  chair,  if  necessary),  and 
then  have  your  subject  jump 
again,  making  a  new  high  mark. 
Measure  the  new  vertical  dis¬ 
tance,  averaging  it  with  the 
first  one  to  get  subject's  score. 

E.  Repeat  Steps  B,  C,  and  D 
for  each  of  your  remaining 
nine  subjects.  Determine  the 
lowest  and  highest  average 
scores  from  your  table.  Sub¬ 
tract  to  get  the  difference. 
Divide  this  number  (the  dif¬ 
ference)  by  four.  The  result  is 
your  height  increment.  Make 
a  new  table  like  that  shown. 
Enter  the  five  scores  and  the 
total  number  of  subjects  that 
belong  in  each  group.  (Scores 
won't  be  exact;  place  each 
subject  in  the  box  that  best 
represents  subject's  score.) 
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F.  Now  you  are  ready  to  con¬ 
vert  the  data  from  your  last 
table  to  a  graph.  Draw  in  your 
notebook  a  set  of  graph  axes 
like  those  shown  here.  The 
numbers  along  the  horizontal 
axis  should  include  the  range 
(cm)  of  vertical  distances  your 
subjects  jumped.  Then  enter 
your  data  on  the  grid  and  con¬ 
nect  the  points  to  form  the 
graphs  resulting  line.  ("Re¬ 
source  U n it  4 :  Making  Graphs" 
can  provide  help  if  you  need  it.) 

Does  your  graph  look  something  like  your  answer  to  Ques¬ 
tion  12-4  on  page  53?  Don't  worry  if  the  curve  appears  a  bit 
jagged.  It  usually  takes  lots  of  scores  to  produce  a  smooth 
normal  curve.  Your  number  of  subjects  may  be  too  small  to  give 
you  a  perfect  curve. 

•  12-5.  Describe  the  way  leg  power  seems  to  vary  among  the 
students  in  your  class. 

•  12-6.  What  do  you  think  the  distribution  would  have  looked 
like  if  you  had  used  a  larger  number  of  subjects? 

Very  few  things  are  not  normally  distributed.  There  will 
always  be  superior  and  inferior  performers  in  every  sport.  You 
will  probably  find  that  you  are  good  at  some  things  and  not  so 
good  at  others.  Don't  worry,  that's  normal. 
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Height  (in  metres) 
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Activity  15  Page  64 

Objective  15-1:  Tell  what  kinetic  energy 
is  and  what  happens  to  it  in  both  in¬ 
elastic  and  elastic  collisions. 

Sample  Question:  During  most  inelastic 
collisions, 

A.  kinetic  energy  is  increased. 

B.  some  kinetic  energy  is  changed  to  heat. 

C.  kinetic  energy  remains  the  same. 

D.  some  kinetic  energy  is  created. 

Objective  15-2:  Tell  what  happens  to  the 
energy  involved  in  collisions. 


ACTIVITY  13:  PLANNING 

Activity  14  Page  57 

Objective  14-1:  Identify  maximum  or 
minimum  points  from  graphs  represent¬ 
ing  the  height,  range,  speed,  and  time 
relationships  of  projectiles. 

Sample  Question:  Figure  13-1  below 
shows  how  the  height  of  a  long  jumper 
changed  with  time  from  "lift  off."  What 
is  the  jumper's  maximum  height,  and  at 
what  time  was  it  reached? 


Sample  Question:  A  tennis  ball  with  a 
kinetic  energy  of  20  joules  hits  the  surface 
of  the  court.  It  rebounds  with  a  kinetic 
energy  of  18  joules.  What  happened  to 
the  two  missing  joules  of  energy? 

Activity  16  Page  69 

Objective  16-1:  Tell  what  momentum  is 
and  calculate  it  before  or  after  a  col¬ 
lision. 

Sample  Question:  A  moving  0.90-kg  bat 
has  a  momentum  of  13.5  kg  m/s.  At  what 
speed  is  it  being  swung? 

A.  1 2.2  m/s 

B.  1 5.0  m/s 

C.  12.6  m/s 

D.  0.06  kg/s 

Answers:  14-1.  2  m  and  about  0.63  s; 
15-1.  B;  15-2.  They  were  changed  to 
heat;  16-1.  B 


Figure  13-1 
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ACTIVITY  14:  GETTING  THE  GREATEST  DISTANCE 


The  athletes  pictured  here  are  all  trying  to  project  some  object. 
Each  wants  to  get  maximum  horizontal  carrying  distance  (called 
range).  To  get  it,  each  must  select  the  best  angle  of  projection. 
Figure  14-1  below  shows  what  is  meant  by  these  two  terms,  and 
several  others,  as  they  relate  to  a  punt  in  football. 

The  wind  factor,  sometimes  important,  is  ignored  throughout 
this  activity. 


Figure  14-1 
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Range  (in  metres) 


•  14-1.  What  angle  of  projection  will  give  the  greatest  range? 


Figure  14-2 


If  you  don't  know  the  an¬ 
swer  to  Question  14-1  above, 
review  core  Activity  4  before 
continuing. 

All  other  things  being  equal, 
a  projectile's  angle  of  projec¬ 
tion  exactly  determines  its 
range.  How  convenient  it  is, 
then,  that  all  sorts  of  projec¬ 
tiles  (football,  shot,  long 
jumper,  and  many  others)  get 
maximum  range  from  the  same 
angle  of  projection. 

Figure  14-2  at  left  shows 
how  the  range  of  a  projectile 
is  affected  by  changes  in  the 
angle  of  projection.  For  each 
angle  the  speed  of  launch  is 
the  same. 

(If  you  need  help  reading 
Figure  14-2,  see  "Resource 
Unit  2:  Reading  Graphs." 
Then  continue  with  this  activ¬ 
ity.) 


•  14-2.  At  an  angle  of  35°,  the  range  is  how  many  metres? 


•  14-3.  Does  the  range  increase  or  decrease  as  the  angle  of  pro¬ 
jection  increases  from  35°  to  45°? 

•  14-4.  Does  the  range  increase  or  decrease  as  the  angle  of  pro¬ 
jection  increases  from  45°  to  55°? 

How  is  it  possible  for  the  range  to  first  increase  and  then  de¬ 
crease  while  the  angle  of  projection  continues  to  increase?  In 
other  words,  what  accounts  for  the  shape  of  Figure  14-2? 

Well,  to  begin  with,  think  of  the  extreme  cases  —  the  ones  rep¬ 
resented  by  the  two  ends  of  the  curve.  A  ball  or  other  object 
projected  at  the  minimum  angle  of  0°  would  literally  never  get 
off  the  ground.  It  would  have  no  range  at  all  (no  "carry").  And 
a  projectile  that  was  launched  at  the  maximum  angle  of  90° 
would  go  straight  up  and  come  straight  down.  Again,  there 
would  be  no  range. 
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1  WONDER  WHAT 
Will  HAPPEN  IF  I 
TRY  “  HALF  WAff 


So  ali  the  positive  values  for  range  are  somewhere  between  these 
two  extremes.  They  involve  angles  of  projection  that  are  greater 
than  0°  and  less  than  90°.  That  is  precisely  the  situation  shown 
by  Figure  14-2  on  page  58. 

OK,  you  may  say,  but  what's  so  special  about  45°?  Why  is 
the  angle  for  maximum  range  exactly  45°?  Why  not  46°  or  44° 
or  40°  or  something  else?  And  why  is  the  best  angle  always  the 
same?  The  answers  to  these  questions  will  emerge  in  the  next 
few  pages. 

For  openers,  think  of  the  projectile's  motion  as  having  two 
parts.  One  part  is  the  motion  up  and  down  (vertical  components.) 
The  other  is  the  motion  across  (horizontal  components.)  These 
two  sets  of  components  can  be  treated  as  the  axes  of  a  graph. 

For  any  given  angle  of  projection,  the  path  of  a  projectile  can 
be  represented  as  a  line  on  the  graph.  The  graph  then  relates 
the  projectile's  height  (vertical  component),  at  any  point  along 
its  path, to  its  horizontal  distance  from  its  point  of  release.  Fig¬ 
ure  14-3  below  is  such  a  graph. 


Horizontal 

components 


Angle  of  Projection  45 
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The  projectile  in  this  case  was  a  small  steel  ball.  It  was  pro¬ 
jected  by  a  catapult  in  a  controlled  laboratory  setting  where 
exact  measurements  could  be  made.  (That  accounts  for  the 
short  distances.)  But  the  same  relationship  between  vertical  and 
horizontal  components  holds  true  for  sports  projectiles  like  base¬ 
balls  and  javelins. 

14-5.  What  was  the  maximum  vertical  distance  (height)  achieved 
by  the  projectile  in  Figure  14-3  on  page  59? 

•  14-6.  How  far  had  the  projectile  traveled  horizontally  when  it 
reached  this  height? 

•  14-7.  What  was  the  full  range  of  the  projectile? 
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Figure  14-4  Time  (in  seconds) 

Compare  Figure  14-3  (page  59)  and  Figure  14-4  (above).  They 
are  graphs  of  exactly  the  same  motion.  They  have  the  same  shape, 
the  same  angle  of  projection  (45°),  and  the  same  vertical  scale. 

•  14-8.  How  are  the  two  graphs  different? 

14-9.  In  Figure  14-4  above,  at  what  time  was  the  projectile 
at  its  vertical  maximum? 

®  14-10.  How  long  did  the  projectile  stay  in  the  air? 

The  horizontal  speeds  of  steel  balls,  baseballs,  and  other  dense 
projectiles  do  not  change  much  at  all.  What  change  there  is 
results  from  air  resistance.  We'll  say  it  is  small  enough  for  us  to 
ignore.  If  horizontal  speed  does  not  change,  then  the  horizontal 
distance  traveled  depends  on  how  long  the  projectile  is  in  the  air. 
Compare  the  horizontal  scales  of  Figures  14-3  (page  59)  and 
14-4  (above).  Notice  that  for  a  horizontal  distance  of  0.5  m  the 
time  in  motion  was  0.14  s.  For  twice  that  distance,  twice  the 
time  was  required.  Look  at  Figure  14-5  on  page  61. 
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Figure  14-5 

•  14-1 1.  Suppose  a  baseball  travels  a  horizontal  distance  of  15  m 
in  0.75  seconds.  How  long  will  the  baseball  take  to  travel  60  m? 

All  this  would  lead  you  to  believe  that  the  more  time  in  the  air 
you  give  it,  the  farther  a  projectile  will  go.  It  seems  obvious. 
But  the  crucial  question  is  whether,  in  order  to  get  more  flight 
time  for  the  projectile,  you  are  sacrificing  horizontal  speed. 

Remember  the  archers  on  page  59?  The  one  who  shot  his 
arrow  straight  up  certainly  got  maximum  flight  time.  But  he  got 
no  horizontal  distance  (so  there  was  no  horizontal  speed).  His 
arrow's  range  was  zero.  The  second  archer's  arrow  had  practically 
zero  range  also.  It  started  out  fast,  but  it  had  almost  no  flight 
time  since  it  soon  crashed  into  the  ground. 

Obviously  there's  more  to  getting  maximum  range  than  just 
keeping  the  projectile  in  the  air  the  longest  or  just  projecting  it 
horizontally  at  maximum  speed.  That's  where  the  right  combina¬ 
tion  of  vertical  and  horizontal  components  comes  in.  Getting 
maximum  range  amounts  to  getting  the  best  balance  of  flight 
time  and  horizontal  speed. 

Physicists  turn  this  problem  of  finding  the  best  balance  of 
flight  time  and  horizontal  speed  into  a  problem  in  mathematics. 
Although  different  physicists  have  set  up  different  mathematics 
problems,  the  solutions  are  all  the  same.  When  the  angle  of  pro¬ 
jection  is  45°,  the  speed  with  which  the  projectile  gains  altitude 
is  equal  to  its  horizontal  speed  (both  about  70%  of  initial  speed). 
Thus  at  45°  the  range  will  be  greater  than  for  any  other  angle  of 
projection. 

Some  sports  objects  may  have  air  resistance  effects  that  can't 
be  ignored.  For  these  objects,  maximum  range  may  not  occur 
at  45°.  But  until  experience  dictates  a  better  angle,  45°  is  a 
good  one  to  use. 
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Of  course,  there  will  be  times  in  sports  when  you'll  want  to 
project  an  object  at  some  other  angle  (Figure  14-6  below). 


A  fastball  pitcher  wants  to  maximize  horizontal 
speed.  So  he  keeps  the  angle  of  release  as  low  as 
possible. 


A  punter  may  kick  the  football  away  at  an  angle 
higher  than  45°.  This  costs  him  some  distance 
(range),  but  it  increases  "hang  time”  for  better 
punt  coverage. 


Figure  14-6 

The  rate  at  which  a  projectile  gains  (or  loses)  altitude  is  called 
its  vertical  speed.  During  a  projectile's  flight,  horizontal  speed 
doesn't  change  (see  Figure  14-5  on  page  61).  But  vertical  speed 
changes  continually.  This  is  true  for  any  angle  of  projection,  not 
just  45°. 

•  14-12.  Look  again  at  Figure  14-4  on  page  60.  What  feature  of 
the  projectile's  path  indicates  that  vertical  speed  changes? 


Look  at  Figure  14-7  below.  It  shows  how  the  vertical  speed  of 
a  projectile  changes  with  time. 
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•  14-13.  According  to  Figure  14-7  on  page  62,  at  what  two  times 
is  the  projectile's  vertical  speed  the  greatest? 

☆  14-14.  According  to  Figure  14-7  on  page  62,  at  what  time  is 
the  projectile's  vertical  speed  at  a  minimum? 


•  14-15.  Using  your  answer  to  Question  14-14  above,  explain 
why  the  answer  to  Question  14-9  (page  60)  is  0.35  s. 

☆  14-16.  To  find  a  maximum  or  minimum  point  on  a  line  graph, 
what  do  you  look  for? 

If  time  permits  and  your  teacher  is  willing,  you  could  try 
applying  what  you've  learned.  You'll  need  two  partners,  at 
least  ten  minutes,  and  the  following  materials. 


soccer  ball,  volleyball,  or  basketball 
large  piece  of  cardboard  or  poster  board 
protractor 


A.  Using  the  protractor  for 
measuring,  draw  lines  on  the 
cardboard  at  the  angles  shown. 


B.  Make  sure  you  have  plenty 
of  room.  Then  station  your¬ 
self  between  the  cardboard 
and  one  of  your  partners  as 
shown.  Toss  the  ball  under¬ 
handed  to  your  other  partner, 
using  both  hands.  Make  sev¬ 
eral  throws  at  different  angles, 
trying  to  keep  the  ball's  speed 
the  same.  Your  observing 
partner  can  check  the  angles. 


•  1 4-1 7.  At  which  angle  did  you  get  maximum  range? 
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ACTIVITY  15:  ENERGY  AND  ELASTICITY 


If  you  have  watched  tennis  matches  or  golf  tournaments  on 
TV,  you  have  probably  seen  lots  of  commercials  that  advertise 
tennis  balls  and  golf  balls.  What  do  all  those  commercials  have 
in  common? 

One  thing  they  seem  to  share  is  the  claim  that  their  particu¬ 
lar  brand  of  ball  will  go  faster  and  farther  when  you  hit  it.  In 
terms  of  the  physics  of  sport,  manufacturers  are  selling  increased 
elasticity. 

In  Activity  3  you  saw  that  balls  of  different  kinds  vary  in  their 
degree  of  elasticity.  When  dropped  from  a  2-m  height,  balls  of 
different  sorts  bounce  back  to  measurably  different  levels. 
Among  commonly  used  sports  balls,  golf  balls  have  the  highest 
rebound  height. 

Get  a  golf  ball  and  take  it  to  some  place  with  a  concrete  or 
asphalt  surface  (a  sidewalk  would  be  fine).  Hold  the  ball  away 
from  you  at  eye  level  and  then  drop  it.  Watch  how  high  it  re¬ 
bounds. 

•  15-1.  Did  the  ball  bounce  all  the  way  back  to  eye  level? 


If  the  ball  had  bounced  all  the  way  back,  its  collision  with 
the  surface  would  have  been  perfectly  elastic.  Such  perfection 
seldom  occurs  in  sports  or  elsewhere.  Some  collisions,  however, 
come  fairly  close. 

The  energy  possessed  by  an  object  in  motion  is  called  kinetic 
energy.  In  a  perfectly  elastic  collison,  the  kinetic  energy  in  the 
system  is  the  same  before  and  after. 
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PERFECTLY  ELASTIC  COLLISION 


kinetic  energy  before 

kinetic  energy  after 

collision 

collision 

Total  energy  remains  the  same. 


You  can  calculate  the  kinetic  energy  of  an  object  by  multiply¬ 
ing  half  its  mass  by  the  square  of  its  speed.  Take,  for  example,  a 
golf  ball  with  a  mass  of  0.046  kg  that  is  moving  at  42  m/s.  Ek 
stands  for  kinetic  energy;  J  stands  for  joule.  A  joule  is  a  unit  of 
energy  equal  to  1  N  •  m,  or  1  kg  (m/s)2.  The  formula  for  kinetic 
energy  is  expressed  as  follows. 

Ek  =  V2  (mass) (velocity)2  =  V2  mv2 
Let's  take  this  step  by  step: 

F  _  (mass)(velocity)2 

bk  2 

=  (0.046  kg) (42  m/s)2 

2 

=  (0.046  kg) (1764)(m/s)2 

2 

=  81. 144  kg  (m/s)2 
2 

=  40.572  kg  (m/s)2 
=  41  J 


•  15-2.  If  the  golf  ball  could  collide  perfectly  elastically  with  a 
stone  wall,  how  much  kinetic  energy  would  it  have  after  the  col¬ 
lision,  and  how  fast  would  it  be  traveling? 
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Probably  the  closest  example  to  an  elastic  collision  in  sports  is 
a  dead-center  collision  of  two  pool  balls.  In  Figure  15-1  below, 
the  elapsed  time  between  frames  is  the  same.  The  distance  trav¬ 
eled  by  the  seven  ball  before  collision  (60  mm  per  frame)  is 
matched  by  that  of  the  eight  ball  after  the  collision.  (This  shows 
they  had  equal  velocity.)  And  the  two  balls  have  equal  mass. 
Suppose  the  seven  ball  had  0.8  J  of  kinetic  energy  before  the 
collision. 


Figure  15-1 


☆  15-3.  What  is  kinetic  energy? 

•  15-4.  How  much  kinetic  energy  did  the  eight  ball  have  before 
the  collision? 


•  15-5.  What 

15-6.  How 
the  collision? 

15-7.  What 
collision? 

☆  15-8.  What 


was  the  total  kinetic  energy  before  the  collision? 
much  kinetic  energy  did  the  seven  ball  have  after 

was  the  kinetic  energy  of  the  eight  ball  after  the 

is  meant  by  the  term  "elastic  collision"? 
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When  a  ball  collides  with 
another  object,  it  is  temporari¬ 
ly  compressed  out  of  shape. 
Figure  15-2  at  right  shows  a 
tennis  ball  striking  the  surface 
of  a  court. 

•  15-9.  At  what  position  is 
the  ball  compressed? 

•  15-10.  At  what  position  will 
the  ball  be  moving  slowest  and 
have  the  least  kinetic  energy? 


•  15-11.  At  what  numbered 
position  has  the  ball  first  re¬ 
gained  its  kinetic  energy  after 
being  compressed? 


During  the  time  of  compression,  the  kinetic  energy  of  the  ball 
was  reduced.  But  most  of  this  energy  was  regained  as  the  ball 
recovered  its  shape.  Had  the  collision  been  perfectly  elastic,  the 
ball  would  have  regained  all  its  original  kinetic  energy.  Fig¬ 
ure  15-3  below  shows  the  actual  result. 


INELASTIC  COLLISION 


kinetic  energy  before 

= 

kinetic  energy  after 

+ 

heat 

collision 

collision 

Total  energy  remains  the  same. 


Figure  15-3 

If  a  collision  is  not  perfectly  elastic,  it  is  inelastic.  All  the  balls 
you  normally  use  in  sports  participate  only  in  inelastic  collisions 
(although  some  are  more  inelastic  than  others).  In  the  case  of 
the  tennis  ball  in  Figure  1 5-2  at  the  top  of  the  page,  some  of  the 
kinetic  energy  was  converted  to  heat  by  the  collision.  This  is  an 
example  of  one  of  the  most  important  laws  of  science. 

Energy  cannot  be  created  or  destroyed.  Although  it  may  be 
transformed  from  one  form  into  another,  the  total  amount  of 
energy  in  a  system  doesn't  change.  This  great  generalization  is 
known  as  the  law  of  conservation  of  energy. 


Figure  15-2 
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☆  15-12.  What  happens  to  kinetic  energy  as  a  result  of  a  perfectly 
elastic  collision? 

☆  15-13.  What  happens  to  kinetic  energy  as  a  result  of  an  inelastic 
collision? 


So  far,  we  have  described  the  energy  states  before  and  after 
collisions.  But  what  about  du ring  the  collision?  Questions  15-10 
and  15-11  on  page  67  imply  that  at  the  moment  of  collision 
there  is  somehow  less  kinetic  energy  in  the  system  than  there  has 
been  before  or  will  be  afterward.  If  energy  is  always  conserved, 
how  can  this  be? 

The  law  of  conservation  of  energy  suggests  that  this  "missing" 
energy  must  have  been  changed  to  another  form.  Thus  the 
change  of  a  ball  from  its  normal  shape  is  associated  with  an  in¬ 
crease  in  potential  (stored)  energy.  When  the  ball  has  recovered 
its  shape,  this  potential  energy  has  been  converted  back  to 
kinetic  energy.  If  the  collision  is  perfectly  elastic,  then  the 
kinetic  energy  the  ball  had  before  the  collision  is  converted  into 
potential  energy  during  the  collision  and  converted  back  to 
kinetic  energy  afterward. 

But  suppose  the  collision  is  not  perfectly  elastic.  Then, 
during  the  collision,  some  of  the  kinetic  energy  is  converted  to 
heat  and  the  rest  to  potential  energy.  The  heat  is  not  converted 
back  to  kinetic  energy.  This  is  why  the  kinetic  energy  after  such 
an  inelastic  collision  is  less  than  the  kinetic  energy  before  the  col¬ 
lision.  According  to  physicist  C.B.  Daish,  the  temperature  of  a 
golf  ball  is  increased  about  0.5°C  when  it  is  hit  with  a  driver. 

☆  15-14.  What  is  the  difference  between  an  elastic  and  an  inelastic 
collision? 

15-15.  Why  do  tennis  and  squash  balls  get  noticeably  warmer 
during  a  game? 

In  contact  sports,  players  collide  with  each  other  and  with 
playing  surfaces.  They  need  protective  equipment. 


•  15-16.  To  protect  a  player  during  a  collision,  what  should 
protective  equipment  do  to  the  kinetic  energy  the  player  had 
before  the  collision? 
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ACTIVITY  16:  COLLISIONS 


If  you've  ever  played  golf  or  watched  a  golf  game  in  person  or 
on  TV,  you  know  that  golf  balls  can  travel  very  fast.  From  a 
standing  start  on  tee  or  ground,  they  achieve  high  velocities  as 
soon  as  they  are  struck.  They  get  moving  so  fast,  in  fact,  that 
even  on  the  TV  "stop-action"  devices  they  look  like  blurry  white 
lines.  That's  fast. 

But  how  fast  is  this  exactly?  Faster  than  a  baseball?  A  racing 
car?  A  speeding  bullet?  There's  a  way  to  find  out. 


Figure  16-1 

The  golf  club  in  Figure  16-1  above  is  about  to  hit  the  ball. 
When  you  know  the  mass  and  velocity  of  the  clubhead,  as  well 
as  the  mass  of  the  ball,  you  can  figure  out  what  the  ball's  veloc¬ 
ity  will  be  after  it  is  struck.  The  key  is  the  momentum  of  the 
ball  and  the  clubhead  before  and  after  collision.  Momentum  is 
the  special  name  given  to  the  product  of  the  mass  and  the  veloc¬ 
ity  of  any  object. 


MOMENTUM  =  MASS  (m)  times  VELOCITY  (v) 


The  mass  (m)  of  an  object  is  its  amount  of  matter.  The 
velocity  (v)  of  an  object  is  both  its  speed  (distance  traveled 
divided  by  time  required)  and  its  direction  of  motion.  The 
arrow  (-»)  over  the  v  reminds  us  that  velocity  has  direction. 

The  golf  ball  in  Figure  16-1  above  has  a  mass  of  0.046  kg.  Its 
velocity  is  zero  while  it  rests  on  the  tee.  You  can  find  the 
momentum  of  the  ball  on  the  tee  by  applying  the  formula. 
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Momentum  -  mv 

=  (0.046  kg)(0  m/s) 

=  0  kg  m/s 

Notice  that  the  ball's  momentum  is  zero  because  it  is  at  rest 
(has  zero  velocity).  Also  notice  that  the  unit  of  momentum  is 
kg  m/s.  That  comes  from  multiplying  the  unit  of  mass  (kg)  by 
the  unit  of  velocity  (m/s). 

Now  calculate  the  momentum  of  the  clubhead  in  Figure  16-1 
(page  69).  The  clubhead  has  a  mass  of  0.200  kg  and  a  velocity 

of  42  m/s. 

•  16-1.  What  is  the  momentum  of  the  clubhead?  (Don't  forget 
that  the  proper  unit  designation  is  important  to  a  correct  answer.) 

☆  16-2.  Define  momentum. 

The  golf  ball's  momentum  will  jump  up  from  zero  when  the 
clubhead  sends  it  flying  down  the  fairway. 


•  16-3.  Why  will  the  golf  ball's  momentum  not  be  zero  now? 

About  three  hundred  years  ago,  the  English  scientist 
Sir  Isaac  Newton  studied  the  motion  of  objects.  From  his  dis¬ 
coveries,  later  scientists  formulated  a  law  that  applies  to  all  col¬ 
liding  bodies.  It's  the  same  for  footballs  and  golf  balls,  cars  and 
ships,  atoms  and  molecules,  or  meteors  and  moons. 

This  law,  the  law  of  conservation  of  momentum ,  states  that 
the  total  momentum  of  all  the  bodies  just  before  collision  is 
equal  to  the  total  momentum  of  all  the  bodies  just  after  colli¬ 
sion.  The  law  as  it  applies  to  the  collision  of  two  objects  is 
displayed  at  the  top  of  page  71. 
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CONSERVATION  OF  MOMENTUM 


Total  momentum  before  collision  Total  momentum  after  collision 


1 - 

ir 

Momentum  of  Object  1 

+ 

Momentum  of  Object  2 

Momentum  of  Object  1 

+ 

Momentum  of  Object  2 

( m  1  v'-| ) 

(m2v2) 

(m!  v-,’) 

(m2\/2) 

1 


Now  let's  use  the  law  of  conservation  of  momentum,  and  some 
information  about  the  velocity  of  the  clubhead,  to  find  the  post¬ 
collision  velocity  of  the  golf  ball  in  Figure  16-1  (page  69). 


ball's  momentum 
before  collision 

+ 

clubhead's  momentum 
before  collision 

= 

total  momentum 
before  collision 

mi\/i 

+ 

m2v2 

(0.046  kg)(0  m/s) 

+ 

(0.200  kg) (42  m/s) 

0  kg  m/s 

+ 

8.4  kg  m/s 

— 

8.4  kg  m/s 

The  law  says  that  momentum  is  conserved.  Therefore,  the 
total  momentum  after  the  clubhead  strikes  the  ball  must  also  be 
8.4  kg  m/s.  This  is  the  momentum  of  the  ball  and  the  clubhead 
combined. 

It's  already  known  that  the  mass  of  the  clubhead  is  0.200  kg 
and  the  mass  of  the  ball  is  0.046  kg.  These  values  have  not  been 
changed  by  the  collision.  The  remaining  unknowns  are  the  post¬ 
collision  velocities  of  the  clubhead  and  the  ball.  If  one  of  these 
velocities  can  be  learned,  the  other  can  be  figured  out. 


A 


»F  VOU  THINK  THIS  IS 
HARO,  JUST  THINK 
ABOUT  WHAT  WE 
8EENGOIN’ THROUGH! 


From  studying  high-speed  motion  pictures,  scientists  have 
been  able  to  chart  the  velocity  of  the  clubhead  at  various  points 
in  the  swing.  Figure  16-2  on  page  72  shows  this  information. 
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A 


The  point  of  collision  between  clubhead  and  ball  is  shown  at 
Point  B.  The  arc  between  Points  A  and  B  shows  clubhead  speed 
during  the  downswing.  The  arc  from  Points  B  to  C  shows  the 
speed  of  the  clubhead  after  impact  —  during  the  "follow-through." 
You  can  read  off  the  speed  of  the  clubhead  at  any  point  in  the 
swing  by  noting  the  value  (in  m/s)  of  the  circling  line  that  the 
clubhead's  path  is  intercepting  at  that  point. 

•  16-4.  Just  before  collision  with  the  ball,  what  was  the  speed  of 
the  clubhead? 

•  16-5.  Just  after  the  collision,  what  was  the  speed  of  the  club¬ 
head? 

You  need  the  answer  to  Question  16-5  above  in  order  to  com¬ 
pute  the  speed  of  the  ball. 


ball's  momentum 

+ 

clubhead's  momentum 

total  momentum 

after  collision 

after  collision 

after  collision 

m-jV^  +  m2v’2 

(0.046  kg)  (?  m/s)  +  (0.200  kg)  (32  m/s)  =  8.4  kg  m/s 
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"?  m/s"  is  the  ball's  speed.  That's  the  unknown.  It  will  be 
represented  by  V  in  the  solution  below. 


total  momentum 
before  collision 

8.4  kg  m/s 

8.4  kg  m/s  —  6.4  kg  m/s 
2.0  kg  m/s 

2.0  kq  m/s 

0.046 

43.5  m/s 
V 


total  momentum 
after  collision 

0.046  V  +  6.4  kg  m/s 

0.046  V 

0.046  V 

V 

V 

43.5  m/s 


Let's  review  what  happened  during  the  collision. 

•  16-6.  What  was  the  momentum  of  the  clubhead  before  it 
struck  the  ball? 

•  16-7.  What  was  the  momentum  of  the  ball  before  it  was 
struck? 

•  16-8.  When  the  clubhead  struck  the  ball,  what  happened  to  the 
clubhead's  momentum?  How  do  you  know? 

•  16-9.  Since  the  law  of  conservation  of  momentum  says  that 
the  total  momentum  in  a  system  (in  this  case,  clubhead  +  golf 
ball)  does  not  change,  what  happened  to  the  momentum  that  was 
lost  by  the  clubhead? 

•  16-10.  Explain  what  is  meant  by  the  law  of  conservation  of 
momentum. 

•  16-11.  Suppose  a  golf  ball  is  struck  by  a  club  swung  at  30  m/s. 
The  ball's  mass  is  0.05  kg,  the  club's  mass  is  0.2  kg,  and  the  club 
is  traveling  20  m/s  just  after  collision.  What  is  the  momentum 
of  the  club  before  collision?  After  collision?  What  is  the  mo¬ 
mentum  of  the  ball  before  collision?  After  collision? 
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clockwise  spin 
around  directional 
axis 


slow  reaction  time 


Excursion 

ACTIVITY  17:  PLANNING 


Activity  18  Page  75 

Finding  the  Center  of  Mass 

You  and  a  partner  can  help  each  other 
locate  your  centers  of  mass.  You'll  also 
see  how  your  center  of  mass  shifts  as 
you  change  your  posture.  And  you 
may  discover  one  more  difference  be¬ 
tween  males  and  females. 


Activity  19  Page  78 

The  Uses  of  Spin 

A  football  can  spiral,  a  fastball  can  hop, 
and  a  golf  ball  can  back  up.  These 
aren't  dances.  They  are  the  behaviors  of 
sports  balls  being  influenced  by  special 
spins.  This  activity  shows  you  what 
spins  you  can  use  and  what  effects  they 
can  produce. 


Activity  20  Page  81 

Reaction  Time 

Success  in  sports  often  depends  on  co¬ 
ordination  of  mind  and  body.  Everyday 
actions  may  also  call  for  quick  responses. 
This  activity  measures  one  feature  of  co¬ 
ordination  —  your  reaction  time. 
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ACTIVITY  18:  FINDING  THE  CENTER  OF  MASS 


Do  you  remember  what  the  center  of  mass  is?  In  Activity  9 
it  was  defined  as  an  imaginary  point  where  you  might  consider 
an  object's  weight  to  be  concentrated. 

Any  object  balances  on  its  support  only  when  its  center  of 
mass  (CM)  is  either  directly  above  or  directly  below  that  support. 
If  the  CM  is  off  to  the  side  of  the  support,  the  object  will  topple 
over  or  turn.  This  fact  makes  it  possible  to  determine  an  object's 
CM  by  using  the  balance  method. 

Try  this  investigation  to  determine  the  placement  of  a  per¬ 
son's  CM.  You  will  need  a  partner,  about  twenty  minutes,  and 
the  following  materials. 

angle  iron  (for  a  pivot) 
board,  2"  X  4"  X  18" 
finished  board,  1"  X  12"  X  8' 
chalk 

metre  stick  or  (metric)  measuring  tape 

A. Set  the  angle  iron  on  the 
short  board  to  avoid  scratch¬ 
ing  the  floor.  Then  place  the 
long  board  on  the  angle  iron  as 
shown,  so  that  it  balances. 

With  the  chalk,  mark  the  edges 
of  the  balancing  board  at  the 
exact  point  of  balance.  It  is 
important  that  these  marks 
remain  above  the  pivot  point 
throughout  the  activity.  That 
way  the  CM  of  the  board  will 
stay  right  there,  and  all  changes 
in  balance  will  result  from 
changes  in  your  partner's  CM. 


board 

1"x  12”  x  8' 


pivot  points 
marked  with  chalk 
(both  sides) 


angle  iron- 


(pivot) 


board 
2"  x  4" 


B.  Copy  this  table  in  your 
notebook.  It  will  be  used  for 

FROM  FEET 

TO  PIVOT  (m) 

HEIGHT  (m) 

recording  the  measurements 
you  will  need  for  your  calcula- 

Lying  flat, 
arms  at  sides 

X,: 

tions.  There  is  only  one  space 
for  Y  because  a  person's  height 

Lying  flat, 

arms  above  head 

X2: 

Y: 

is  considered  constant  (nobody 
grows  that  fast). 

Knees  bent, 
arms  at  sides 

X3: 
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C.  Have  your  partner  lie  on  the 
board  and  then  slide  along  it 
until  in  balance.  Using  the 
metre  stick  or  tape,  measure 
the  distance  from  the  bottom 
of  your  partner's  feet  to  the 
pivot  point.  This  is  X1 .  Then 
measure  the  height  of  your 
partner.  This  is  Y.  Record 
the  measurements  in  your 
notebook. 


from  partner's 
feet  to  pivot 


partner's 

height 


partner's  CM  is 
this  %  of  height 
above  ground 


D.  Figure  your  partner's  CM 
by  inserting  your  figures  for 
X 1  and  Y  into  the  formula  at 
left.  The  resulting  number 
tells  you  what  percentage  of 
your  partner's  height  is  be¬ 
tween  his  or  her  feet  and  the 
CM.  For  example,  if  your 
partner  is  1.80  m  tall,  that 
would  be  the  value  of  Y. 
And  if  the  center  of  mass  is 
1.02  m  above  the  feet,  that 
would  be  the  value  of  X1 . 
Then 

100%  =  56.6% 

1.80 


•  18-1.  What  percentage  of  your  partner's  height  is  between  feet 
and  CM? 

Your  center  of  mass  changes  when  you  shorten  or  lengthen 
your  body's  extension. 


E.  Have  your  partner  raise 
both  arms  above  his  or  her 
head.  Redetermine  the  balance 
position,  and  measure  the  new 
foot-to-pivot  distance,  X2.  Be 
sure  that  the  two  chalk  marks 
on  the  board  line  up  with  the 
pivot  when  your  partner  is 
balanced. 
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•  18-2.  What  percentage  of  your  partner's  height  is  between  the 
CM  and  the  feet  now? 

18-3.  If  you  raise  your  arms  above  your  head  when  standing, 
what  happens  to  your  center  of  mass? 


F.  Have  your  partner  raise  his 
or  her  knees.  Redetermine  the 
balance  position,  and  measure 
the  foot-to-pivot  distance,  X3. 
Calculate  the  percentage  of 
the  height  as  before. 


☆ 


18-4.  If  you  crouch  or  squat  down,  what  happens  to  your 
center  of  mass? 


Time  permitting,  you  might  want  to  use  this  technique  to 
investigate  how  CM  differs  between  the  males  in  your  class  and 
the  females. 


G. Select  three  people  of  each 
sex.  Using  each  as  a  subject, 
repeat  Steps  C  and  D,  so  that 
you  have  a  percentage  figure 
(X^/Y  X  100%)  for  each. 
Average  the  percentages  for 
males.  Average  the  percent¬ 
age  for  females. 


•  18-5.  According  to  your  data,  which  group  has  a  lower  average 
CM,  males  or  females? 

Although  individuals  vary  greatly,  the  data  on  large  numbers  of 
people  put  the  center  of  mass  for  males  at  an  average  of  56% 
to  57%  of  their  height.  For  females  the  average  is  about  55%  of 
their  height  —  about  1%  to  2%  lower  than  for  males. 


EXCURSION  77 


ACTIVITY  19:  THE  USES  OF  SPIN 


A  baseball  can  be  made  to  curve  in  flight  if  it  is  spinning.  This 
is  true  of  other  round  balls  like  golf  balls,  tennis  balls,  and  basket¬ 
balls.  And,  as  you  will  see,  spin  has  its  uses  after  the  ball  strikes  a 
surface.  But  there  is  another  effect  of  spin  called  stability.  Spin 
can  make  quite  a  difference  in  the  flight  path  of  a  football  or 
any  other  object  that  is  not  a  perfect  sphere. 

To  investigate  the  stability  that  results  from  spin,  you  will 
need  ten  minutes  and  the  following  materials. 

corrugated  cardboard  20  cm  X  20  cm 
scissors 


A.  Round  off  the  cardboard  to 
make  a  circular  disk.  Half 
straighten  the  paper  clip  and 
punch  it  through  the  center  of 
the  disk.  Bend  the  open  end 
back  around  to  form  a  loop. 
Tie  one  end  of  the  string  to 
the  paper  clip. 


B.  Hold  the  other  end  of  the 
string  in  one  hand.  Without 
spinning  the  disk,  swing  it 
back  and  forth  like  a  pendu¬ 
lum.  Observe  whether  the 
disk  has  a  stable  attitude  or 
whether  it  tumbles  around. 

C.  Now,  with  your  free  hand, 
spin  the  disk  as  fast  as  you  can 
about  its  paper-clip  axle.  Then 
quickly  swing  it  as  before. 
Again  observe  whether  the 
disk's  attitude  is  stable  or  not. 


•  19-1.  During  Step  B,  did  the  disk  swing  in  a  stable  attitude 
with  respect  to  the  floor,  or  did  it  tumble  around?  How  about 
during  Step  C? 

•  19-2.  What  happened,  in  Step  C,  when  the  spinning  motion 
began  to  slow  up? 
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If  a  football  is  available,  you  may  wish  to  try  tossing  it  gently 
to  a  partner.  Try  to  throw  it  without  any  spin  about  its  longi¬ 
tudinal  axis  (a  "wounded  duck").  Then  try  to  throw  it  with 
spin  (a  "spiral"). 

•  19-3.  What  happens  to  a  football  thrown  without  spin  com¬ 
pared  to  one  thrown  with  spin? 

•  19-4.  What  are  some  disadvantages  of  throwing  a  football  so 
that  it  tumbles  end  over  end? 


In  baseball,  the  pitcher  wants  to  make  his  tosses  hard  to  hit. 

"Dear  Ma,"  wrote  the  rookie  from  training  camp,  "Today  in 
batting  practice  they  starting  throwing  curves.  I  guess  I'll  be 
home  in  a  few  days." 

Some  hitters  can't  handle  curves.  Others  can.  But  every  batter 
has  trouble  with  knuckleballs.  And  so  do  catchers.  The  problem 
with  the  knuckler  is  that  nobody  knows  where  it's  going,  not 
even  the  pitcher  who  throws  it.  It  seems  to  come  to  the  plate 
dancing  on  air  like  a  butterfly.  Sometimes  it  drops.  Sometimes 
it  curves  or  rises.  Often  it  just  seems  to  wiggle  back  and  forth. 

Wind  tunnel  studies  have  shown  why  knuckleballs  behave  as 
they  do.  Their  unpredictability  is  due  to  the  fact  that  a  baseball 
is  not  truly  round.  It  has  raised  seams  on  it.  These  form  an  ir¬ 
regular  surface  that  meets  the  oncoming  air  in  an  irregular  way. 
If  a  baseball  is  pitched  without  any  spin,  the  irregularity  of  the 
ball's  surface  will  make  the  ball  swerve  off  course.  The  direc¬ 
tion  of  swerve  depends  on  just  how  the  seams  of  the  ball  are 
lined  up  with  the  direction  of  flight. 

A  knuckleball  that  flutters  is  one  that  is  rotating  very  slowly 
(about  a  quarter  turn  between  pitcher's  mound  and  home  plate). 
When  the  seams  change  position  very  slowly,  they  cause  the  ball 
to  swerve  first  one  way  and  then  another.  Like  a  football,  then, 
a  baseball  needs  a  certain  amount  of  spin  for  stability. 
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•  19-5.  Rank  these  pitches  from  highest  to  lowest  according  to 
the  amountof  spin  on  each  —  curveball,  knuckleball,  straight  ball. 

Spin  on  a  ball  not  only  affects  the  ball's  flight  path,  it  also 
affects  what  happens  to  the  ball  at  the  end  of  flight.  When  a 
spinning  golf  ball  hits  the  ground,  for  example,  it  tends  to  behave 
in  one  of  two  ways.  Look  at  Figure  19-1  below. 


☆  19-6.  How  are  topspin  and  backspin  different? 

☆  19-7.  How  are  the  effects  of  topspin  and  backspin  different? 

When  a  ball  lands,  the  ground  pushes  on  it  with  a  friction 
force.  Because  of  the  angle  of  impact,  the  effect  of  this  force 
is  to  produce  topspin.  If  the  ball  already  has  topspin,  then  this 
friction  force  tends  to  increase  the  rolling  distance  and  lower  the 
height  of  bounces.  The  ball  scoots  along,  hugging  the  ground. 

On  the  other  hand,  if  the  ball  has  backspin,  the  friction  force 
will  be  applied  in  opposition  to  the  direction  of  spin.  The  ball 
will  skid  and  hop  as  it  lands.  Depending  on  which  force  is 
stronger,  the  ball  may  be  merely  slowed  in  its  rolling,  stopped 
altogether,  or  even  made  to  reverse  itself  —  rolling  back  towards 
the  golfer  who  hit  it. 

Finally,  a  ball  with  sidespin  curves  in  the  direction  of  spin 
while  in  the  air.  But  on  landing,  it  bounces  ("kicks")  in  the 
opposite  direction. 
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Here  are  some  ways  spin  is  used  in  various  sports. 


SPORT 

TOPSPIN 

BACKSPIN 

SIDESPIN 

Golf 

more  rolling  distance, 
accurate  putts 

more  height  on  ball, 
quick  stops  on  green 

hold  against  cross  wind,  fade 
or  draw  around  objects 

Tennis, 
table  tennis 

keeping  stroke  low  and  in 
court,  table-tennis  slam, 
tennis  offensive  lob 

drop  shot 

lateral  bounce  or  "kick” 

Baseball, 

softball 

sinker  or  drop 

fastball  or  riser 

curve,  slider,  screwball 

Pool 

more  roll  on  cue  ball 

backing  up  cue  ball 

"hugging  the  cushion," 
curving,  changing  angles  of 
rebound 

Football 

spiral  for  stability  on  both 
passes  and  kicks 

Bowling 

hooking  into  pocket,  better 
split  angles 

Basketball 

some  lay-ups,  faster 
bounce-passes 

lay-ups  and  free  throws, 
slower  bounce-passes 

some  lay-ups,  angled  bounce- 
passes 

19*8.  List  the  four  kinds  of  spin  (not  counting  the  case  of  no 
spin)  and  describe  how  each  kind  affects  a  ball. 


ACTIVITY  20:  REACTION  TIME 


There  are  many  activities  in  sports  where  success  is  determined 
as  much  by  the  participant's  reaction  time  as  by  his  muscular 
skill.  In  baseball,  a  home  run  and  a  "loud"  foul  can  be  separated 
by  a  fraction  of  a  second  in  the  timing  of  the  swing  of  the  bat. 
Here's  a  standard  method  being  increasingly  used  to  get  a  meas¬ 
ure  of  a  person's  reaction  time.  You  will  need  a  partner,  fifteen 
minutes,  and  the  following  materials. 


metre  stick 

two  small  pieces  of  nontransparent  tape 
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A.  Copy  this  table  in  your 
notebook.  If  you  are  unsure 
how  to  average,  look  at  "Re¬ 
source  Unit  1:  Averaging" 
before  going  on. 

B. Wrap  the  tape  around  the 
metre  stick  as  shown.  Line 
one  piece  up  with  the  20-cm 
mark  and  line  the  other  piece 
up  with  the  30-cm  mark. 


C.  For  most  people  their  domi¬ 
nant  hand  is  usually  the  one 
they  write  or  throw  with. 
Most  commonly  this  is  the 
right  one.  Have  your  partner 
sit  with  the  dominant  hand 
resting  on  a  desk.  Your 
partner's  arm  should  extend 
beyond  the  desk  from  a  point 
halfway  between  the  wrist  and 
elbow,  as  shown. 

D. Hold  the  metre  stick  at  the 
upper  end  (100  cm)  with  one 
steady  hand.  Let  it  dangle  be¬ 
tween  your  partner's  slightly 
separated  thumb  and  forefin¬ 
ger,  as  shown.  Your  partner 
should  not  be  touching  the 
stick  at  this  time.  Line  up  the 
20-cm  mark  on  the  stick  so 
that  it  is  level  with  the  top  of 
your  partner's  thumb. 

E.  Instruct  your  partner  to 
concentrate  on  the  30-cm-tape 
mark.  As  soon  as  the  stick 
begins  falling,  your  partner 
is  to  try  to  snap  the  thumb 
and  forefinger  closed  on  that 
(30-cm)  mark. 
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F.  Release  the  stick  without 
warning.  Tell  your  partner  to 
"freeze"  with  the  thumb  and 
forefinger  grasping  the  metre 
stick.  In  the  table  prepared 
in  Step  A,  enter  the  exact 
centimetre  number  that  is  now 
in  line  with  the  upper  edge  of 
your  partner's  thumb.  Repeat 
the  procedure  for  a  total  of 
five  trials.  Then  get  an  average. 


G.  Switch  places  with  your 
partner  in  order  to  measure 
your  own  reaction  time. 
Again,  do  five  trials  and 
average  them. 


•  20-1.  Who  has  the  quicker  reaction  time  —  you  or  your  par- 
ner?  How  can  you  tell? 

You  really  didn't  measure  reaction  time.  You  measured  reac¬ 
tion  distance.  So  you  might  have  had  a  little  trouble  answering 
the  last  question.  But  you  can  get  the  speed  of  reaction  in  terms 
of  time  rather  than  distance.  All  you  have  to  do  is  use  the  table 
in  Figure  20-1  on  page  84.  No  stopwatch  is  needed.  You  just 
need  to  know  the  average  number  of  cm  that  you  allowed  the 
metre  stick  to  fall.  Since  you  started  each  trial  with  your  thumb 
and  forefinger  on  the  20  cm  mark,  the  actual  number  of  cm  that 
the  stick  fell  each  time  will  be  20  cm  less  than  the  figure  you 
have  recorded. 

So  the  first  thing  to  do  is  to  subtract  20  cm  from  the  averaged 
figure  in  your  notebook.  Then  look  up  this  new  number  in  the 
table  in  Figure  20-1  (page  84).  Because  distance  of  fall  and  time 
of  fall  are  related,  the  time  of  fall  is  listed  right  beside  the  dis¬ 
tance  number. 
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DISTANCE 
OF  FALL 
(cm) 

TIME  OF 
FALL 
(s) 

DISTANCE 
OF  FALL 
(cm) 

TIME  OF 
FALL 
(s) 

DISTANCE 
OF  FALL 
(cm) 

TIME  OF 
FALL 
(s) 

DISTANCE 
OF  FALL 
(cm) 

TIME  OF 
FALL 
(s) 

1 

0.045 

16 

0.181 

31 

0.252 

46 

0.306 

2 

0.064 

17 

0.186 

32 

0.256 

47 

0.310 

3 

0.078 

18 

0.192 

33 

0.259 

48 

0.313 

4 

0.090 

19 

0.197 

34 

0.263 

49 

0.316 

5 

0.101 

20 

0.202 

35 

0.267 

50 

0.319 

6 

0.1 10 

21 

0.207 

36 

0.271 

51 

0.322 

7 

0.120 

22 

0.212 

37 

0.275 

52 

0.326 

8 

0.128 

23 

0.217 

38 

0.279 

53 

0.329 

9 

0.136 

24 

0.221 

39 

0.282 

54 

0.332 

10 

0.143 

25 

0.226 

40 

0.286 

55 

0.335 

11 

0.150 

26 

0.230 

41 

0.289 

56 

0.338 

12 

0.157 

27 

0.235 

42 

0.293 

57 

0.341 

13 

0.163 

28 

0.239 

43 

0.296 

58 

0.344 

14 

0.169 

29 

0.243 

44 

0.300 

59 

0.346 

15 

0.175 

30 

0.247 

45 

0.303 

60 

0.349 

Figure  20-1 

Suppose,  for  example,  that  your  average  distance  was  37  cm. 
You  first  subtract  20  cm.  This  gives  you  17  cm.  Then  look  up 
17  cm  in  the  table  in  Figure  20-1  above.  The  time  value  next  to 
it  is  0.186  s.  That  is  your  average  reaction  time. 

This  table  works  for  any  object  being  dropped.  All  objects 
take  the  same  time  to  fall  a  given  distance  (ignoring  air  resis¬ 
tance).  The  time  of  fail  is  directly  proportional  to  the  square 
root  of  the  distance  of  fall.  (The  square  root  of  a  number  is 
another  number  which,  multiplied  by  itself,  gives  the  number.) 
So,  for  example,  for  an  object  to  fall  four  times  the  distance  will 
take  twice  the  time  (%/4  =  2).  Check  this  in  the  table. 

•  20-2.  What  is  the  fall  time  for  a  distance  of  5  cm?  What  is 
twice  this  time? 

•  20-3.  What  is  four  times  the  distance  of  5  cm?  From  the  table, 
how  long  does  it  take  to  fall  this  greater  distance? 

•  20-4.  If  an  object  takes  0.452  s  to  fall  1  m,  how  long  will  the 
object  take  to  fall  16  m? 

V  20-5.  Starting  with  a  distance  of  fall  of  5  cm,  demonstrate  that 
to  fall  nine  times  as  far  will  take  the  square  root  of  nine  times  as 
long. 
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